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FIG. 35

SB
- cell(i.]) o
e et ------------------\-\‘ =Sda
SN S a7

J

s e .
N //”,///////////,,,,///// / //// // NN G](')

4

/
/

T NS £
N

A GaG)

I8 N

/ / s /S

~

/
7/

v
RN
[~

R
\\

[«
o
=
j——y

e N
/ { -
N
l\\\
£

S
4 / // //
/) // A
Ve /,

/ 7
&-\ NI
,/% ; &/ 7
& AL
NS XS

4'\\; N \\:

T
/
o
(]
>
)

<
/S
/

7
/
/
/

/
/,

v

/¥

/

el
S
/,/
/
S 7 7 ‘/ i 7
a4 /'//// % / ////f//' S S / s
/
/

7

/

/

/7

/

//

/

/
Vi 4
b

o \‘\\'-\KB -
~. -

I

.
L= ot NN
- --?a\\:\ .

—
[y
—

SN

PREY AT
/ //,/ 994 // a

T B e e

o
o}
L

]

_;-&5--(---------4--J\--A\------'-' =

S

N

A R "
;S
/

-

GZ(t)

o5 pp—— _/_\'i_ =

VK
RS
N




U.S. Patent Jul. 14, 2015 Sheet 36 of 53 US 9,082,670 B2

FIG. 36

SOy

NS cell (I, J) NS
r‘\&\*---- ------------------\\ >_'I
.y
S
1/ N
[l N 1
] N 1
NG ]
VP N !
L RN . N 1
: N ‘ N \\\ :
y P SALL N NN
N 25 N NN
~ [~ OO\
] ?\\ O~ ~O>oy
siag 777 N
A AV .
i \i N // ~oo GS(I)
N N P4 SN
NN O3 \s\\\ .
1 \\s . NN <§ 1
] N NN
1 > AN \§ }
LS ~ oo
A ~J >
SN - NN
13 /:/ NN N SO :
) i t \\i\ 1
N AN v
H O |‘: 7 . NN |
R 1 . S N NN conl
~ 4P : d
AN B NN NN
TR A oY) ~ NN
o By SHN -
R INNE 4 \\i\\\\)(/ A N\*ﬂ/con
BN R L SN RN \*\\\\‘ 1
112 ERARI O A AN NN I
B SN RN LereezzzZ A B RSN
N - N
] \i " . \f\\ \\\i\ 1
] i I/ \i \i\\ 1
INSR YN B RN
AN RN NN
1R N SN
] ~1 |/, g I\\ \\\; 1
SN ENN NS I
% B LN o !
'/ j\\\\~ \\\\\\ !
/ - \\\\ 1
~. ~J1
- I NG I
] v o
< NS 4| NS
. " I~
/4....\_\ N '-‘\—/} 1( \\\: 111
AP BV RSERS . “ +/
NENEN ‘b 4 NN
I % [t L NN
4 - 71BN [ SONY
NN - N[ ) ~>n !
LINENEN LI cond
% “ s 7 .
A > ISR N A{ ZHE ,Il/
1 | NN 4 }
N / ~J
e /} ; g ' ‘]2
* ’ ~11
[ NE
n
1
31
}
)
[}
s i .
2oy ( Gz(‘)
Iy <
I3 \U\
e d
YAy
NI // //"//'/"
954 e /'/, 74 ;/,/ //‘/ '// '// Sy
Iy
IRy Tyy




U.S. Patent Jul. 14, 2015 Sheet 37 of 53 US 9,082,670 B2

FIG. 37A

829
828 é 8082809 808b
A /)

g § g a2

—~ 824

Fi

AN AN
LA
—7 7——1" 810

% ]
T,

803 806a 802

FIG. 37/B
gogc 809 v

e /L

S

74 A A

o e ———— ; ~810
G A A

A

A3 111806a 800 112 806b $ngq A4

808¢



U.S. Patent Jul. 14, 2015 Sheet 38 of 53 US 9,082,670 B2

FIG. 38A FIG. 38B
80§a ?’ ?08*3 809 8082 809 508

I
]

L~ 894 —~ 824

== 810 N— —7{~810

FIG. 38C

802

R
/ J

1 g06a 800 806b 112

FIG. 38D
wne 00 g, FIC: 38E o, o

890a ( / 8906 808b
\ [/

—~ 824 ~+—~824
800 +~ 800
\881b SSJ;I 8815 \881b 8§la 381(:J
803 803

806b

S T T
(NN Iesy, S L L
4 H (1 é 6 4 é \\r\\810
/

| 111 / /1/12 /8007 1/

881t 881id 881g 881e 88
=

803a

FIG. 38F




U.S. Patent Jul. 14, 2015 Sheet 39 of 53 US 9,082,670 B2

FIG. 39

To cell(i-1, J)

G2(i+1)—. ®
G3(G+1)
GAG+1)

Teel1Gi+1, ) VO

From cell {i+2, j)



U.S. Patent Jul. 14, 2015 Sheet 40 of 53 US 9,082,670 B2

FIG. 40

To cel Il(i-1, j)

SGIRG) l cell (i 10

G1(i+1) pifmmmmemmmdeoead2o o la i -
G2(i+1)
G3(i+1)
GAG+1)
G5(i+1)

)
1
1
|
I
1
1
|
|
|
1
1
|
|
|
1
1
I
|
|
1
1
I
|
|
|
1
L

] - 1 ______ E ___ E'VO ______ |

From cell (i+2, j)



U.S. Patent Jul. 14, 2015 Sheet 41 of 53 US 9,082,670 B2
FIG. 41A
To cell (i-1, j)
S1() V()
GIiT— ¢ — ¢ —— =
O 5
i I Lol
G1G+1) ' ""i"‘:
G4Gi+1) —T ;
s 3!
| ceticier iy ol ] Il
From cell (i+2, j)
FIG. 41B
cell (i, ) T11 T12 T13 T14
cell (i+1, j) T11 T12 T13 T14




U.S. Patent

FIG. 42A

Jul. 14, 2015

Sheet 42 of 53

To cell (i-1, j)

US 9,082,670 B2

cell (i, J)

G1(+1)r ®

G4(i+1)

cell(i+1, )

L R ke el -t d

From cell (i+2, )

FIG. 42B
cell(i,j) | T10 | T12 | 113 | T14
cell (i+1, ) T | T2 | T3 | T4




U.S. Patent Jul. 14, 2015 Sheet 43 of 53 US 9,082,670 B2
FIG. 43A
To cell (i-1, j)
SG) i

RO V)
Gi)tH—e——— 1" 'E
G4 — DN T
| #hs- TRERIER(
L [-e- i

] 11 7100 | cel I (i, J)
i 13 |
| 112 T |
: 200 i

G1(+1)+H
GAG+1)
cell (i+t, j)
i
From cell (i+2, j)
FIG. 43B
cell (i, j) T11 T12 T13 T14
cell (i+1, j) T11 Ti2 T13 T14




U.S. Patent Jul. 14, 2015 Sheet 44 of 53 US 9,082,670 B2

FIG. 44

R~
-+
N

|

A To OL:Jt(l'-Z)

out (i-1) o——¢1 &0 ”%/////M

Gﬂ%//// e dout (-1
out (i) 0—@ G16) V/W%

(:(2( '"'3:"
out (i+1) ¢—9¢ / W /—

ot %/};//////}//mmm(iﬂ)
out (i+2) (T Gl 2)%//{'%/%//

[1(i+2
GZ(Z// l%wmut(iﬂ)

Flrom out (i+3)

Z——Oout (i)




U.S. Patent Jul. 14, 2015 Sheet 45 of 53 US 9,082,670 B2

FIG. 45A

441 To out(i -2) 442

%/WGM 1) >out(i—1)
out (i-1) 9 c?i(: :;//%/%w
=

>out (i)

G2(
GA4G)

out (i) o

%%WGM 770 aut (i+1)

ell (i+1

§if.'i33/%//%/
e

i+2

74
out (i+2) ¢ gj((::z)) /%//f%/%{%

' From out (i+3)

FIG. 45B
S() iy FI1G. 45C
G1(;) - SG)
04(’)5 Cﬂ(i):" [~ T TTTmTmmmommommomo H

| G2() —L
G4G) |




U.S. Patent Jul. 14, 2015
FIG. 46A
T11
S Vv
—1
o——T—|}—l—4|:100
111
 J
2004
VO
FIG. 46C
T13
S Vv
* IH d[ 100
111
112
|
2004

VO

Sheet 46 of 53 US 9,082,670 B2
FIG. 468
T12
S v
o——r| }—El: 100
111
L J
200] 4
VO
FIG. 46D
T14
S Vv
——d[_ 100

111

112




U.S. Patent Jul. 14, 2015

FIG. 47A

111

S R

}—l—q[mo

111

200] 4
VO
FIG. 47C
T13
S R v

¢ IH qL_ 100
11

112|

VO

Sheet 47 of 53 US 9,082,670 B2
FIG. 47B
T12
S R vV
}—g:mo
111
200]}
VO
FIG. 47D
T14
SR \Y
—d[_ 100
111
112_[
200}
VO




U.S. Patent

Jul. 14, 2015 Sheet 48 of 53 US 9,082,670 B2
FIG. 48A
101
---------- cell cell cell T
_____ (-1, j-D G-1, ) | G-1. j+1) L
702 ceH_ ceH cell
pall m— (i, j-1) (,J) |G, j+D L
cell cell cell
__________ (+1, - G+ ) [G= 0D
700
FIG. 488
710
------ cell cell cell T
______ G, -0 | G |G, i+ L
outv outv out\
11 ! ! ! i
pixel @ | pixel |@ | pixel @
pixel l@|pixel @ | pixel {@
pixel t@|pixel |@ | pixel |@




U.S. Patent Jul. 14, 2015 Sheet 49 of 53 US 9,082,670 B2

FIG. 49A

\
-
e
Al 1612 1614 1615 A2

“__ 1610 Y,




U.S. Patent Jul. 14, 2015 Sheet 50 of 53 US 9,082,670 B2

FIG. 50A

5004

FIG. 50B

FIG. 50C




U.S. Patent

Jul. 14, 2015

FIG. 51A

Sheet 51 of 53

Page 51 of 83
SEMICONDUCTOR DEVICE
Semiconductor Energy Laberatory Co., Ltd.
Mew Continuation
12732-1002003

409

US 9,082,670 B2

410

FIG. 51B

411

412




US 9,082,670 B2

Sheet 52 of 53

Jul. 14, 2015

U.S. Patent

FIG. 52A

FIG. 52B

Vv

=
L)

S R

G1+

G2
G34




U.S. Patent Jul. 14, 2015 Sheet 53 of 53

US 9,082,670 B2

FIG. 53
To cel '. (i-1, 1)

SG) R(®) l cell (i, j) Yo
G +HH— —eo————————————— =
G2()) — ® !
‘G3(x) ; ® :
G4(;)G5(i) i l T _T_ i
#hs 2] 14 i
L —[ 100 i
()T E
| 112 13

G1(i+1)
G2(i+1)

-

G3(i+1)

GAGi+1)

G5(i+1)

o ——— ———— e -

From cell (i+2, j)




US 9,082,670 B2

1
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 14/262,976, filed Apr. 28, 2014, now allowed, which is a
continuation of U.S. application Ser. No. 13/603,908, filed
Sep. 5, 2012, now U.S. Pat. No. 8,710,749, which claims the
benefit of a foreign priority application filed in Japan as Serial
No. 2011-196863 on Sep. 9, 2011, all of which are incorpo-
rated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to semiconductor devices,
light-emitting devices, and display devices. The present
invention relates to methods for driving such devices and
methods for manufacturing such devices. Examples of semi-
conductor devices are semiconductor devices including
active elements such as transistors. Examples of light-emit-
ting devices are light-emitting devices including light-emit-
ting elements such as electroluminescence elements (herein-
after referred to as EL elements). Examples of display devices
are display devices including display elements or light-emit-
ting elements such as EL. elements. In particular, the present
invention relates to semiconductor devices, light-emitting
devices, and display devices that are less influenced by varia-
tions in characteristics of transistors.

2. Description of the Related Art

Since light-emitting devices including light-emitting ele-
ments have high visibility, are suitable for reduction in thick-
ness, and do not have limitations on viewing angles, the
light-emitting devices have attracted attention as display
devices that are alternatives to cathode ray tubes (CRTs) or
liquid crystal display devices. Specifically proposed struc-
tures of active matrix display devices including light-emitting
elements differ depending on manufacturers. In general, at
least a light-emitting element, a transistor (a switching tran-
sistor) that controls input of video signals to pixels, and a
transistor (a driving transistor) that controls the amount of
current supplied to the light-emitting element are provided in
each pixel.

When all the transistors in the pixels have the same polar-
ity, it is possible to omit some of steps of forming the transis-
tors, e.g., a step of adding an impurity element imparting
conductivity to a semiconductor layer. Patent Document 1
discloses a display device in which transistors included in
pixels are all n-channel transistors.

REFERENCE

Patent Document 1: Japanese Published Patent Application
No. 2003-195810

SUMMARY OF THE INVENTION

In a semiconductor device such as a light-emitting device
or a display device, drain current of a driving transistor is
supplied to a light-emitting element; thus, when characteris-
tics and the like of driving transistors vary among pixels, the
luminance of display elements such as light-emitting ele-
ments varies correspondingly. Thus, in order to improve the
quality of a semiconductor device, it is important to propose
a pixel structure in which the amount of drain current of a
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driving transistor can be corrected in anticipation of varia-
tions in threshold voltage, for example.

Inview of the above problem, it is an object of one embodi-
ment of the present invention to provide a semiconductor
device, a light-emitting device, or a display device that is less
influenced by variations in characteristics of transistors. It is
an object of one embodiment of the present invention to
provide a semiconductor device, a light-emitting device, or a
display device that is less influenced by degradation of char-
acteristics of a transistor. Itis an object of one embodiment of
the present invention to provide a semiconductor device, a
light-emitting device, or a display device in which variations
in luminance due to variations in threshold voltage of driving
transistors are reduced. It is an object of one embodiment of
the present invention to provide a semiconductor device, a
light-emitting device, or a display device in which variations
in luminance due to variations in mobility of driving transis-
tors are reduced. It is an object of one embodiment of the
present invention to provide a semiconductor device, a light-
emitting device, or a display device that displays high-quality
images. It is an object of one embodiment of the present
invention to provide a semiconductor device, a light-emitting
device, or a display device that displays images with little
unevenness. It is an object of one embodiment of the present
invention to provide a semiconductor device, a light-emitting
device, or a display device in which a desired circuit can be
formed with a small number of transistors. It is an object of
one embodiment of the present invention to provide a semi-
conductor device, a light-emitting device, or a display device
in which a desired circuit can be formed with a small number
of wirings. It is an object of one embodiment of the present
invention to provide a semiconductor device, a light-emitting
device, or a display device that is less influenced by degrada-
tion of a light-emitting element. It is an object of one embodi-
ment of the present invention to provide a semiconductor
device, a light-emitting device, or a display device that is
manufactured in a small number of steps.

Note that the description of these objects does not impede
the existence of other objects. In one embodiment of the
present invention, there is no need to achieve all the objects.
Other objects will be apparent and can be derived from the
description of the specification, the drawings, the claims, and
the like.

A semiconductor device according to one embodiment of
the present invention includes a transistor, a load, a first
wiring, a second wiring, a first switch, a second switch, a third
switch, a fourth switch, a first capacitor, and a second capaci-
tor. The first switch has a function of selecting conduction or
non-conduction between the first wiring and one of a pair of
electrodes of the first capacitor. One of the pair of electrodes
of'the first capacitor is electrically connected to one of a pair
of electrodes of the second capacitor. The second switch has
a function of selecting conduction or non-conduction
between the other of the pair of electrodes of the first capaci-
tor and one of a source and a drain of the transistor. The other
of the pair of electrodes of the first capacitor is electrically
connected to a gate of the transistor. The third switch has a
function of selecting conduction or non-conduction between
one of the pair of electrodes of the first capacitor and the other
of the source and the drain of the transistor. The other of the
pair of electrodes of the second capacitor is electrically con-
nected to the load. The other of the source and the drain of the
transistor is electrically connected to the load. The fourth
switch has a function of selecting conduction or non-conduc-
tion between the second wiring and one of the source and the
drain of the transistor.
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In the semiconductor device with the above structure, volt-
age applied between the source and the gate of the transistor
(hereinafter also referred to as the driving transistor) can be
corrected in anticipation of variations in threshold voltage.
Thus, the drain current of the transistor can be corrected.
Further, the drain current can be supplied to the load.

A given element or circuit can be used as the load. For
example, a light-emitting element such as an EL element can
be used as the load. A light-emitting element such as an ELL
element emits light at luminance that is proportional to the
amount of current flowing between an anode and a cathode of
the light-emitting element. Alternatively, a pixel can be used
as the load, for example.

In the case where a light-emitting element is used as the
load, a structure of Type A or Type B can be employed.
(Type A)

In the semiconductor device according to one embodiment
of the present invention, the other of the source and the drain
of the transistor (the driving transistor) can be electrically
connected to the anode of the light-emitting element. In that
case, the transistor is an n-channel transistor. In addition, the
cathode of the light-emitting element can be electrically con-
nected to a third wiring that is different from the first wiring
and the second wiring. Here, the semiconductor device
includes a unit (e.g., a driver circuit) having a function of
controlling the potential of the first wiring. The unit (the
driver circuit) controls the potential of the first wiring so that
aperiod during which the potential of the first wiring is equal
to or lower than the potential of the cathode of the light-
emitting element is provided.

(Type B)

In the semiconductor device according to one embodiment
of the present invention, the other of the source and the drain
of the transistor (the driving transistor) can be electrically
connected to the cathode of the light-emitting element. In that
case, the transistor is a p-channel transistor. In addition, the
anode of the light-emitting element can be electrically con-
nected to the third wiring. Here, the semiconductor device
includes a unit (e.g., a driver circuit) having a function of
controlling the potential of the first wiring. The unit (the
driver circuit) controls the potential of the first wiring so that
aperiod during which the potential of the first wiring is equal
to or higher than the potential of the anode of the light-
emitting element is provided.

Each of'the first to fourth switches can be a transistor. The
transistor can have the same conductivity type as the driving
transistor.

The semiconductor device according to one embodiment
of the present invention can include a transistor whose chan-
nel is formed using an oxide semiconductor layer. Alterna-
tively, the semiconductor device can include a transistor
whose channel is formed using single crystal silicon (e.g., a
single crystal silicon layer or a single crystal silicon sub-
strate). Alternatively, the semiconductor device can include a
transistor whose channel is formed using polycrystalline sili-
con. Alternatively, the semiconductor device can include a
transistor whose channel is formed using amorphous silicon.

In one embodiment of the present invention, it is possibleto
determine voltage applied between a source and a gate of a
driving transistor depending on the threshold voltage of the
driving transistor. Thus, it is possible to provide a semicon-
ductor device, a light-emitting device, or a display device that
is less influenced by variations in characteristics of transis-
tors. It is possible to provide a semiconductor device, a light-
emitting device, or a display device that is less influenced by
degradation of characteristics of a transistor. It is possible to
provide a semiconductor device, a light-emitting device, or a
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display device in which variations in luminance due to varia-
tions in threshold voltage of driving transistors are reduced. It
is possible to provide a semiconductor device, a light-emit-
ting device, or a display device in which variations in lumi-
nance due to variations in mobility of driving transistors are
reduced. It is possible to provide a semiconductor device, a
light-emitting device, or a display device that displays high-
quality images. It is possible to provide a semiconductor
device, a light-emitting device, or a display device that dis-
plays images with little unevenness. It is possible to provide a
semiconductor device, a light-emitting device, or a display
device in which a desired circuit can be formed with a small
number of transistors. It is possible to provide a semiconduc-
tor device, a light-emitting device, or a display device in
which a desired circuit can be formed with a small number of
wirings. It is possible to provide a semiconductor device, a
light-emitting device, or a display device that is less influ-
enced by degradation of a light-emitting element. It is pos-
sible to provide a semiconductor device, a light-emitting
device, or a display device that is manufactured in a small
number of steps.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A to 1E are circuit diagrams each illustrating the
configuration of a semiconductor device;

FIG. 2 is a timing chart illustrating a method for driving a
semiconductor device;

FIGS. 3A to 3D each illustrate an electrical connection in a
semiconductor device in a predetermined period;

FIG. 4A is a timing chart illustrating a method for driving
a semiconductor device, and FIGS. 4B and 4C each illustrate
an electrical connection in the semiconductor device in a
predetermined period;

FIG. 5 is a timing chart illustrating a method for driving a
semiconductor device;

FIG. 6A is a timing chart illustrating a method for driving
a semiconductor device, and

FIGS. 6B and 6C each illustrate an electrical connection in
the semiconductor device in a predetermined period;

FIGS. 7A to 7E are circuit diagrams each illustrating the
configuration of a semiconductor device;

FIGS. 8A to 8C are circuit diagrams each illustrating the
configuration of a semiconductor device;

FIG. 9 is a timing chart illustrating a method for driving a
semiconductor device;

FIGS. 10A to 10D each illustrate an electrical connection
in a semiconductor device in a predetermined period;

FIG. 11A is a timing chart illustrating a method for driving
a semiconductor device, and FIGS. 11B and 11C each illus-
trate an electrical connection in the semiconductor device in
a predetermined period;

FIG. 12 is a timing chart illustrating a method for driving a
semiconductor device;

FIG. 13A is a timing chart illustrating a method for driving
a semiconductor device, and

FIGS. 13B and 13C each illustrate an electrical connection
in the semiconductor device in a predetermined period;

FIGS. 14A to 14E are schematic diagrams and circuit
diagrams for illustrating wire sharing structures in a semicon-
ductor device;

FIGS. 15A to 15F are schematic diagrams each illustrating
a wire sharing structure in a semiconductor device;

FIGS. 16A and 16B are circuit diagrams each illustrating a
wire sharing structure in a semiconductor device;
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FIGS. 17A to 171 are schematic diagrams and a circuit
diagram each illustrating a wire sharing structure in a semi-
conductor device;

FIGS. 18A and 18B are circuit diagrams each illustrating a
wire sharing structure in a semiconductor device;

FIGS. 19A to 19E are schematic diagrams each illustrating
a wire sharing structure in a semiconductor device;

FIGS. 20A to 20G are schematic diagrams each illustrating
a wire sharing structure in a semiconductor device;

FIGS. 21A and 21B are circuit diagrams each illustrating a
wire sharing structure in a semiconductor device;

FIGS. 22 A to 22C are circuit diagrams each illustrating the
configuration of a semiconductor device including transistors
as switches;

FIGS. 23 A to 23C are circuit diagrams each illustrating the
configuration of a semiconductor device including transistors
as switches;

FIG. 24 is a circuit diagram illustrating the configuration of
a semiconductor device including transistors as switches;

FIG. 25 is a circuit diagram illustrating the configuration of
a semiconductor device including transistors as switches;

FIG. 26 is a circuit diagram illustrating the configuration of
a semiconductor device including transistors as switches;

FIG. 27 is a circuit diagram illustrating the configuration of
a semiconductor device including transistors as switches;

FIG. 28 is a circuit diagram illustrating the configuration of
a semiconductor device including transistors as switches;

FIG. 29 is a circuit diagram illustrating the configuration of
a semiconductor device including transistors as switches;

FIGS. 30A to 30F are circuit diagrams each illustrating the
configuration of a semiconductor device;

FIGS. 31A to 31F are circuit diagrams each illustrating the
configuration of a semiconductor device;

FIGS. 32A and 32B are circuit diagrams each illustrating
the configuration of a semiconductor device including pixels
corresponding to red, green, and blue;

FIGS. 33A and 33B are circuit diagrams each illustrating
the configuration of a semiconductor device including pixels
corresponding to red, green, and blue;

FIGS. 34A and 34B are a circuit diagram and a top view
illustrating the configuration of a semiconductor device
including transistors as switches;

FIG. 35 is a top view illustrating the configuration of a
semiconductor device including transistors as switches;

FIG. 36 is a top view illustrating the configuration of a
semiconductor device including transistors as switches;

FIGS. 37A and 37B are cross-sectional views illustrating
the structure of a semiconductor device;

FIGS. 38A to 38F are cross-sectional views each illustrat-
ing the structure of a semiconductor device;

FIG. 39 is a circuit diagram illustrating the configuration of
a semiconductor device including transistors as switches;

FIG. 40 is a circuit diagram illustrating the configuration of
a semiconductor device including transistors as switches;

FIG. 41A is a circuit diagram illustrating the configuration
of'a semiconductor device including transistors as switches,
and FIG. 41B is a timing chart illustrating a method for
driving the semiconductor device;

FIG. 42A is a circuit diagram illustrating the configuration
of'a semiconductor device including transistors as switches,
and FIG. 42B is a timing chart illustrating a method for
driving the semiconductor device;

FIG. 43 A is a circuit diagram illustrating the configuration
of'a semiconductor device including transistors as switches,
and FIG. 43B is a timing chart illustrating a method for
driving the semiconductor device;
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FIG. 44 is a block diagram illustrating the structure of a
semiconductor device;

FIG. 45A is a block diagram illustrating the structure of a
semiconductor device, and

FIGS. 45B and 45C are circuit diagrams each illustrating
the configuration of a semiconductor device;

FIGS. 46A to 46D each illustrate an electrical connection
in a semiconductor device in a predetermined period;

FIGS. 47A to 47D each illustrate an electrical connection
in a semiconductor device in a predetermined period;

FIGS. 48A and 48B are block diagrams each illustrating
the structure of a semiconductor device;

FIGS. 49A and 49B are a perspective view and a cross-
sectional view illustrating the structure of a semiconductor
device;

FIGS. 50A to 50C each illustrate the structure of an elec-
tronic device;

FIGS. 51A and 51B are circuit diagrams each illustrating
the configuration of a semiconductor device including tran-
sistors as switches;

FIGS. 52A and 52B are circuit diagrams each illustrating
the configuration of a semiconductor device; and

FIG. 53 is a circuit diagram illustrating the configuration of
a semiconductor device including transistors as switches.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be hereinafter
described in detail with reference to the accompanying draw-
ings. Note that the present invention is not limited to the
description below, and it is easily understood by those skilled
in the art that a variety of changes and modifications can be
made without departing from the spirit and scope of the
present invention. Therefore, the present invention should not
be limited to the descriptions of the embodiments below. In
structures given below, the same portions or portions having
similar functions are denoted by the same reference numerals
in different drawings, and explanation thereof will not be
repeated.

Note that what is described in one embodiment (or part of
the content) can be applied to, combined with, or replaced
with different content (or part thereof) in the embodiment
and/or content (or part thereof) described in another embodi-
ment or other embodiments.

Note that the structure illustrated in a diagram (or part
thereof) in one embodiment can be combined with the struc-
ture of another part of the diagram, the structure illustrated in
a different diagram (or part thereof) in the embodiment, and/
or the structure illustrated in a diagram (or part thereof)) in
another embodiment or other embodiments.

Note that the size, thickness, and regions in the drawings
are exaggerated for clarity in some cases. Thus, one aspect of
an embodiment of the present invention is not limited to such
scales. Alternatively, drawings schematically illustrate an
ideal example. Thus, one aspect of an embodiment of the
present invention is not limited to shapes illustrated in the
drawings and can include variations in shape due to a fabri-
cation technique or dimensional deviation, for example.

Note that an explicit description “X and Y are connected”
indicates the case where X and Y are electrically connected,
the case where X and 'Y are functionally connected, and the
case where X and Y are directly connected. Here, each of X
and Y denotes an object (e.g., a device, an element, a circuit,
awiring, an electrode, a terminal, a conductive film, a layer, a
display element, a light-emitting element, or a load). Accord-
ingly, a connection relation other than those shown in draw-
ings and texts is also included without limitation to a prede-



US 9,082,670 B2

7

termined connection relation, for example, the connection
relation shown in the drawings and the texts.

For example, in the case where X and Y are electrically
connected, one or more elements that enable electrical con-
nection between X andY (e.g., a switch, a transistor, a capaci-
tor, an inductor, a resistor, a diode, a display element, a
light-emitting element, or a load) can be connected between
XandY. A switchis controlled to be on or off. That is, a switch
is conducting or not conducting (is turned on or off) to deter-
mine whether current flows therethrough or not.

For example, in the case where X and Y are functionally
connected, one or more circuits that enable functional con-
nection between X and Y (e.g., a logic circuit such as an
inverter, a NAND circuit, or a NOR circuit; a signal converter
circuit such as a DA converter circuit, an AD converter circuit,
or a gamma correction circuit; a potential level converter
circuit such as a power supply circuit (e.g., a DC-DC con-
verter, a step-up DC-DC converter, or a step-down DC-DC
converter) or a level shifter circuit for changing the potential
level of a signal; a voltage source; a current source; a switch-
ing circuit; an amplifier circuit such as a circuit that can
increase signal amplitude, the amount of current, or the like,
an operational amplifier, a differential amplifier circuit, a
source follower circuit, or a buffer circuit; a signal generator
circuit; a memory circuit; and/or a control circuit) can be
connected between X and Y. When a signal output from X is
transmitted to Y, it can be said that X and Y are functionally
connected even if another circuit is provided between X and
Y.

Note that an explicit description “X and Y are connected”
means that X and Y are electrically connected, X and Y are
functionally connected, and X and Y are directly connected.
That is, the explicit description “X and Y are electrically
connected” is the same as an explicit simple expression “X
and Y are connected”.

Even when independent components are electrically con-
nected to each other in a circuit diagram, one component has
functions of a plurality of components in some cases. For
example, when part of a wiring also functions as an electrode,
one conductive layer functions as the wiring and the elec-
trode. Thus, “electrical connection” in this specification
includes in its category such a case where one conductive
layer has functions of a plurality of components.

Note that it might be possible for those skilled in the art to
constitute one embodiment of the invention even when por-
tions to which all terminals of an active element (e.g., a
transistor or a diode), a passive element (e.g., a capacitor or a
resistor), or the like are connected are not specified. In par-
ticular, in the case where the number of portions to which the
terminal is connected is plural, it is not necessary to specify
the portions to which the terminal is connected. Therefore, it
might be possible to constitute one embodiment of the inven-
tion by specifying portions to which only some of terminals of
an active element (e.g., a transistor or a diode), a passive
element (e.g., a capacitor or a resistor), or the like are con-
nected.

Note that it might be possible for those skilled in the art to
specify the invention when at least where a circuit is to be
connected (“connection point”) is specified. Alternatively, it
might be possible for those skilled in the art to specify the
invention when at least a function of a circuit is specified.
Therefore, when a connection point of a circuit is specified,
the circuit is disclosed as one embodiment of the invention
even if a function is not specified, and one embodiment of the
invention can be constructed. Alternatively, when a function
of'a circuit is specified, the circuit is disclosed as one embodi-
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ment of the invention even if a connection point is not speci-
fied, and one embodiment of the invention can be constructed.

The invention excluding content that is not specified in the
drawings and texts in this specification can be constructed.
Alternatively, when the range of a value (e.g., the maximum
and minimum values) is described, the range may be freely
narrowed or a value in the range may be excluded, so that the
invention can be specified by a range part of which is
excluded. In this manner, it is possible to specify the scope of
the present invention so that a conventional technology is
excluded, for example.

As a specific example, assuming that a circuit including
first to fifth transistors is illustrated in a circuit diagram, the
invention can be defined as the circuit that does not include a
sixth transistor. Alternatively, the invention can be defined as
the circuit that does not include a capacitor. Further, the
invention can be constructed by specifying that the circuit
does not include a sixth transistor with a particular connec-
tion. Alternatively, the invention can be constructed by speci-
fying that the circuit does not include a capacitor with a
particular connection. For example, the invention can be
defined by specifying that the circuit does not include a sixth
transistor whose gate is connected to a gate of the third tran-
sistor. Alternatively, for example, the invention can be defined
by specifying that the circuit does not include a capacitor
whose first electrode is connected to the gate of the third
transistor.

As another specific example, when the expression “a volt-
age preferably ranges from 3 V to 10 V” is used to describe a
given value, the invention can be defined, for example, by
excluding the case where the voltage is higher than or equal to
-2 V and lower than or equal to 1 V. Alternatively, for
example, the invention can be defined by excluding the case
where the voltage is higher than or equal to 13 V. Note that for
example, it can be specified that the voltage is higher than or
equal to 5V and lower than or equal to 8 V in the invention.
Moreover, it can be specified, in the invention, that the voltage
is approximately 9V or that the voltage is higher than or equal
to 3 V and lower than 9V and higher than 9 V and lower than
orequalto 10V

As another specific example, when the expression “a volt-
age is preferably 10 V” is used to describe a given value, the
invention can be defined, for example, by excluding the case
where the voltage is higher than or equal to -2 V and lower
than or equal to 1 V. Alternatively, for example, the invention
can be defined by excluding the case where the voltage is
higher than or equal to 13 V.

As another specific example, when the expression “a film is
aninsulating film” is used to describe properties of a material,
the invention can be defined, for example, by excluding the
case where the insulating film is an organic insulating film.
Alternatively, for example, the invention can be defined by
excluding the case where the insulating film is an inorganic
insulating film.

As another specific example, when the expression “a film is
provided between A and B” is used to describe a layered
structure, the invention can be defined, for example, by
excluding the case where the film is not a stack of four or more
layers. Alternatively, for example, the invention can be
defined by excluding the case where a conductive film is not
provided between A and the film.

Embodiment 1

One embodiment of a semiconductor device according to
the present invention is described. A semiconductor device
according to one embodiment of the present invention can be
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used not only as a pixel including a light-emitting element but
also as a variety of circuits. For example, the semiconductor
device can be used as an analog circuit and a circuit function-
ing as a current source. First, in this embodiment, examples of
a basic principle of a circuit disclosed in the present invention
are described. FIG. 1A is a circuit diagram illustrating one
embodiment of a semiconductor device according to the
present invention.

InFIG. 1A, the semiconductor device includes a transistor
100, a load 200, a wiring S, a wiring V, a switch 101, a switch
102, a switch 103, a switch 104, a capacitor 111, and a
capacitor 112. The switch 101 has a function of selecting
conduction or non-conduction between the wiring S and one
of'a pair of electrodes of the capacitor 111. One of the pair of
electrodes of the capacitor 111 is connected to one of a pair of
electrodes of the capacitor 112. The switch 102 has a function
of'selecting conduction or non-conduction between the other
of the pair of electrodes of the capacitor 111 and one of a
source and a drain of the transistor 100. The other of the pair
of'electrodes of the capacitor 111 is connected to a gate of the
transistor 100. The switch 103 has a function of selecting
conduction or non-conduction between one of the pair of
electrodes of the capacitor 111 and the other of the source and
the drain of the transistor 100. The other of the pair of elec-
trodes of the capacitor 112 is connected to one terminal of the
load 200. The other of the source and the drain of the transis-
tor 100 is connected to one terminal of the load 200. The
switch 104 has a function of selecting conduction or non-
conduction between the wiring V and one of the source and
the drain of the transistor 100. The other terminal of the load
200 can be connected to a wiring V0.

Note that a switch is an element having a function of
selecting conduction (ON) or non-conduction (OFF) between
terminals and a function of determining whether current
flows. An electrical switch, a mechanical switch, or the like
can be used as the switch. For example, the switch can be a
transistor, a diode, or a switch formed by a micro electro
mechanical systems (MEMS) technology, such as a digital
micromirror device (DMD). The switch may be a logic circuit
in which transistors are combined. In the case where a tran-
sistor is used as the switch, the polarity (conductivity type) of
the transistor is not particularly limited. Note that a transistor
with low off-state current is preferably used and the polarity
of the transistor is preferably selected in accordance with an
input potential.

Examples of a transistor with low off-state current are a
transistor provided with an LDD region, a transistor with a
multi-gate structure, and a transistor including an oxide semi-
conductor in a semiconductor layer. In the case where a
combination of transistors operates as a switch, a comple-
mentary switch using an n-channel transistor and a p-channel
transistor may be employed. A complementary switch can
operate properly even when a potential input to the switch is
changed relatively compared to an output potential.

Note that when a transistor is used as a switch, the switch
includes an input terminal (one of a source and a drain), an
output terminal (the other of the source and the drain), and a
terminal for controlling conduction (a gate) in some cases.
When a diode is used as a switch, the switch does not include
a terminal for controlling conduction in some cases. Thus,
when a diode is used as a switch, the number of wirings for
controlling terminals can be reduced as compared to the case
where a transistor is used.

Note that a transistor is an element having at least three
terminals: a gate, a drain, and a source. The transistor has a
channel region between the drain (a drain terminal, a drain
region, or a drain electrode) and the source (a source terminal,
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a source region, or a source electrode) and can supply current
through the drain, the channel region, and the source. Here,
since the source and the drain of the transistor change depend-
ing on the structure, operating condition, and the like of the
transistor, it is difficult to define which is a source or a drain.
Thus, a region which serves as a source or a region which
serves as a drain is not referred to as a source or a drain in
some cases. In that case, one of the source and the drain might
be referred to as a first terminal, a first electrode, or a first
region, and the other of the source and the drain might be
referred to as a second terminal, a second electrode, or a
second region, for example.

Note that as illustrated in FIG. 1A, the wiring S is con-
nected to at least a circuit 300 having a function of supplying
a potential Vinit and a potential Vsig, for example. An
example of the circuit 300 is a source driver (a signal line
driver circuit). Accordingly, the wiring S has a function of
capable of transmitting or supplying the potential Vinit and/or
the potential Vsig. The wiring S functions as a video signal
line. Alternatively, the wiring S functions as an initialization
line.

The potential Vinit is a potential for initializing the poten-
tial of each node in the semiconductor device, for example.
Alternatively, the potential Vinit is a potential for supplying
electric charge to the capacitor 111, for example. Alterna-
tively, the potential Vinit is a potential for turning on the
transistor 100, for example. Note that the potential Vinit is
preferably constant; however, one aspect of the embodiment
of the present invention is not limited thereto. The potential
Vinit may vary like a pulse signal.

An example of the potential Vsig is a signal for controlling
the amount of current supplied to the load 200. Thus, the
potential Vsig depends on the amount of current to be sup-
plied to the load 200. For example, when current supplied to
the load 200 is constant, the potential Vsig is constant. When
current supplied to the load 200 is not constant, the potential
Vsig changes over time depending on the amount of current
supplied to the load 200. For example, the potential Vsig is an
analog video signal.

For example, the potential Vinit is supplied to the wiring S
before the potential Vsig is supplied thereto.

Note that as illustrated in FIG. 1A, the wiring V is con-
nected to at least a circuit 301 for supplying a power supply
potential (a high power supply potential or a low power sup-
ply potential), for example. An example of the circuit 301 is a
power supply circuit. Accordingly, the wiring V has a func-
tion of capable of transmitting or supplying the power supply
potential. Alternatively, the wiring V has a function of capable
of supplying current to the transistor 100. Alternatively, the
wiring V has a function of capable of supplying current to the
load 200. The wiring V functions as a power supply line.
Alternatively, the wiring V functions as a current supply line.
Note that the potential of the wiring V is preferably constant;
however, one aspect of the embodiment of the present inven-
tion is not limited thereto. The potential of the wiring V may
vary like a pulse signal. For example, the potential of the
wiring V may be a potential at which not only forward bias
voltage but also reverse bias voltage is applied to the load 200.

Note that as illustrated in FIG. 1A, the wiring V0 is con-
nected to at least a circuit 312 having a function of supplying
a power supply potential (a low power supply potential or a
high power supply potential), for example. An example of the
circuit 312 is a power supply circuit. Accordingly, the wiring
V0 has a function of capable of transmitting or supplying the
power supply potential. Alternatively, the wiring V0 has a
function of capable of supplying current to the load 200.
Alternatively, the wiring V0 has a function of capable of
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supplying current to the transistor 100. The wiring V0 func-
tions as acommon line. Alternatively, the wiring V0 functions
as a cathode line. Note that the potential of the wiring V0 is
preferably constant; however, one aspect of the embodiment
of'the present invention is not limited thereto. The potential of
the wiring V0 may vary like a pulse signal. For example, the
potential of the wiring V0 may be a potential at which not only
forward bias voltage but also reverse bias voltage is applied to
the load 200.

The circuit 300, the circuit 301, and the circuit 312 may be
the same circuit or different circuits.

In the configuration in FIG. 1A, it is possible not to provide
the capacitor 111 by actively utilizing parasitic capacitance of
the transistor or the like. Further, it is possible not to provide
the capacitor 112 by actively utilizing parasitic capacitance of
the transistor or the like.

Note that the semiconductor device according to one
embodiment of the present invention may have a plurality of
blocks (each represented by “cell” and surrounded by dotted
lines in FIG. 1A).

Note that in this specification, the load 200 means a recti-
fier, a capacitive object, a resistive object, a circuit including
a switch, a pixel circuit, or the like. For example, a rectifier
has current-voltage characteristics showing different resis-
tance values depending on the direction of an applied bias,
and has electrical characteristics that allow most current to
flow only in one direction. Other examples of the load 200 are
a display element (e.g., a liquid crystal element), a light-
emitting element (e.g., an EL element), and part of a display
element or a light-emitting element (e.g., a pixel electrode, an
anode, or a cathode). Examples of a light-emitting element
are an EL. element (e.g., an EL. element including organic and
inorganic materials, an organic EL. element, or an inorganic
EL element), an LED (e.g., a white LED, a red LED, a green
LED, or a blue LED), a transistor (a transistor that emits light
in accordance with current), and an electron emitter. In par-
ticular, in a configuration in FIG. 1B, for example, the tran-
sistor 100 is an n-channel transistor and the load 200 in FIG.
1A is a rectifier that allows current to flow from the wiring V
to the wiring VO (in the direction indicated by an arrow in
FIG. 1B) and does not allow current to flow in an opposite
direction. In a configuration in FIG. 1D, for example, the
transistor 100 is a p-channel transistor and the load 200 in
FIG. 1A is a rectifier that allows current to flow from the
wiring V0 to the wiring V (in the direction indicated by an
arrow in FIG. 1D) and does not allow current to flow in an
opposite direction. FIG. 1C illustrates the case where a light-
emitting element 201 is used as the load 200 in the configu-
ration in FIG. 1B. As illustrated in FIG. 1C, an anode of the
light-emitting element 201 is connected to the transistor 100,
and a cathode of the light-emitting element 201 is connected
to the wiring V0. FIG. 1E illustrates the case where the light-
emitting element 201 is used as the load 200 in the configu-
ration in FIG. 1D. As illustrated in FIG. 1E, the cathode of the
light-emitting element 201 is connected to the transistor 100,
and the anode of the light-emitting element 201 is connected
to the wiring V0.

The transistor 100 functions as at least a current source, for
example. Accordingly, for example, the transistor 100 has a
function of supplying constant current even when the level of
voltage applied across both ends (between the source and the
drain) of the transistor 100 is changed. Alternatively, for
example, the transistor 100 has a function of supplying con-
stant current to the load 200 even when the potential of the
load 200 is changed. Alternatively, for example, the transistor
100 has a function of supplying constant current even when
the potential of the wiring V is changed.
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Note that there is a voltage source as a power source dif-
ferent from a current source. The voltage source has a func-
tion of supplying constant voltage even when current flowing
through a circuit connected to the voltage source is changed.
Accordingly, the voltage source and the current source each
have a function of supplying voltage and current. However,
the function of the voltage source and the function of the
current source are different in what is supplied at a constant
level even when one factor is changed. The current source has
a function of supplying constant current event when voltage
across both ends is changed. The voltage source has a func-
tion of supplying constant voltage even when current is
changed.

Note that FIG. 1A and the like each illustrate a circuit
configuration example; thus, a transistor can be additionally
provided. In contrast, for each node in FIG. 1A and the like, it
is possible not to provide an additional transistor, switch,
passive element, or the like. For example, it is possible not to
provide an additional transistor that is directly connected to a
node where terminals of switches are connected to each other,
a node where terminals of a transistor are connected to each
other, and/or a node where terminals of a load are connected
to each other. Accordingly, for example, it is possible to
directly connect only the transistor 100 to a node where the
load 200, the transistor 100, the capacitor 112, and the switch
103 are connected to each other (in the case where the switch
103 is a transistor, the transistor is excluded), and it is possible
not to directly connect another transistor to the node.

Thus, a circuit can be formed with a small number of
transistors in the case where an additional transistor is not
provided.
<Method for Driving Semiconductor Device>

An example of a method for driving the semiconductor
device in FIG. 1A is described. In the driving method, poten-
tials input to the wirings and the like vary depending on the
conductivity type of the transistor 100. Thus, a method for
driving the semiconductor device in FIG. 1B having the
n-channel transistor 100 and a method for driving the semi-
conductor device in FIG. 1D having the p-channel transistor
100 are sequentially described.
<Driving Method in the Case of N-channel Transistor 100>

The method for driving the semiconductor device in FIG.
1B is described with reference to an example of'a timing chart
in FIG. 2.

In the timing chart in FIG. 2, Vgs100 represents a potential
difference between the gate and the source of the transistor
100 in each period (each of a period T11, a period T12, a
period T13, and a period T14). In the timing chart in FIG. 2,
101 represents the state of the switch 101 in each period; 102
represents the state of the switch 102 in each period; 103
represents the state of the switch 103 in each period; and 104
represents the state of the switch 104 in each period. Here, the
state of the switch indicates the on/off state of the switch. In
FIG. 2, “ON” represents the state where the switch is on, and
“OFF” represents the state where the switch is off. In the
timing chart in FIG. 2, 300 represents the potential of the
wiring S that is controlled by the circuit 300 in each period.
Note that the circuit 301 controls the potential of the wiring V
so that the potential of the wiring V is VDD (VDD is higher
than a potential applied to the wiring V0) at least in the period
T11 and the period T14. In the period T12 and the period T13,
the potential of the wiring V is a given potential. The circuit
301 may control the potential of the wiring V so that the
potential of the wiring V is VDD in the period T12 and/or the
period T13.

In the period T11, the switch 101, the switch 102, the
switch 103, and the switch 104 are all turned on. The potential
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of'the wiring S is set to the initialization potential Vinit by the
circuit 300. Here, the initialization potential Vinit is equal to
or lower than the potential of the wiring V0, for example. The
potential of the wiring V is VDD. FIG. 3A schematically
illustrates a connection in the cell in the period T11. With such
a connection, voltage held in the capacitor 111 becomes
VDD-Vinit. The potential of the source of the transistor 100
becomes Vinit, the potential of the gate of the transistor 100
becomes VDD, and Vgs100 becomes VDD-Vinit. Note that
VDD and Vinit are set such that VDD-Vinit is higher than the
threshold voltage (hereinafter also referred to as Vth) of the
transistor 100. In this manner, the transistor 100 is turned on
when the period T11 is terminated. Here, since the initializa-
tion potential Vinit is equal to or lower than a potential applied
to the wiring V0, current does not flow to the load 200 in the
period T11.

In the period T12, the switch 101, the switch 102, and the
switch 103 are kept on and the switch 104 is turned off. The
potential of the wiring S is kept at the initialization potential
Vinit by the circuit 300. Note that while the switch 104 is off,
the potential of the wiring V can be a given potential. FIG. 3B
schematically illustrates a connection in the cell in the period
T12. With such a connection, electric charge held in the
capacitor 111 is discharged through the source and the drain
of'the transistor 100 that is on. The electric charge is continu-
ously discharged until the voltage held in the capacitor 111
becomes Vth and the transistor 100 is turned off. In this
manner, the voltage held in the capacitor 111 becomes Vth.
The potential of the source of the transistor 100 remains at
Vinit, the potential of the gate of the transistor 100 becomes
Vinit+Vth, and Vgs100 becomes Vth. In this manner, the
threshold voltage Vth of the transistor 100 can be held in the
capacitor 111. Since the initialization potential Vinit is equal
to or lower than the potential of the wiring V0, current does
not flow to the load 200 in the period T12 as in the period T11.

Note that in some cases, it takes a very long time for
Vgs100 to be equal to the threshold voltage Vth of the tran-
sistor 100. Accordingly, in many cases, the next operation is
performed while Vgs100 is not completely lowered to the
threshold voltage Vth. That is, in many cases, the period T12
is terminated while Vgs100 is slightly higher than the thresh-
old voltage Vth. In other words, at the termination of the
period T12, Vgs100 becomes voltage based on the threshold
voltage.

In the period T13, the switch 101 is kept on, the switch 104
is kept oft, and the switch 102 and the switch 103 are turned
off. Note that timing of turning oft the switch 102 and timing
of'turning off the switch 103 may be the same or different. The
potential of the wiring S is set to the signal potential Vsig by
the circuit 300. Note that since the switch 104 is off, the
potential of the wiring V can be a given potential. FIG. 3C
schematically illustrates a connection in the cell in the period
T13. With such a connection, the voltage held in the capacitor
111 remains at Vth or the voltage based on Vth, and the
potential of the source of the transistor 100 becomes Vinit+
Va. The potential of the gate of the transistor 100 becomes
Vsig+Vth, and Vgs100 becomes Vsig+Vth—(Vinit+Va).
Here, Va. depends on the capacitance of the load 200, the
capacitance of the capacitor 112, and the like. For example,
Va is positive voltage. In this manner, Vgs100 can be voltage
that is based on the signal potential Vsig and is corrected in
accordance with the threshold voltage of the transistor 100.
When the capacitance of the load 200 is much higher than the
capacitance of the capacitor 112, Va is very low. Since the
potential of the source of the transistor 100 becomes Vinit+
Va but Va is very low, current does not flow to the load 200.
Voltage held in the capacitor 112 becomes Vsig—(Vinit+Va.).
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Note that in the period T13, the semiconductor device can
operate while the switch 104 is turned on. In that case, current
flows to the transistor 100, and electric charge in the capacitor
112 is discharged by the current. At this time, discharge
capacity varies depending on current characteristics (e.g.,
mobility) of the transistor 100. For example, higher mobility
of the transistor 100 can increase electric discharge per unit
time. Thus, when the switch 104 is turned on and the electric
charge in the capacitor 112 is discharged, Vgs100 can be
corrected in accordance with the mobility of the transistor
100. In this manner, Vgs100 can be corrected in accordance
with variations, degradation, and the like of the current char-
acteristics of the transistors 100.

In the period T14, the switch 102 and the switch 103 are
kept off, the switch 101 is turned off, and the switch 104 is
turned on. Note that timing of turning off the switch 101 and
timing of turning on the switch 104 may be the same or
different. While the switch 101 is off, the potential of the
wiring S can be a given potential (indicated by diagonal lines
in FIG. 2). While the switch 104 is on, the potential of the
wiring V is VDD. FIG. 3D schematically illustrates a connec-
tion in the cell in the period T14. With such a connection, the
voltage held in the capacitor 111 remains at Vth, the voltage
held in the capacitor 112 remains at Vsig—(Vinit+Va) Vgs100
remains at Vsig+Vth—-(Vinit+Va) and the potential of the
source of the transistor 100 becomes VEL. Further, the poten-
tial of the gate of the transistor 100 becomes Vsig+Vth—
(Vinit+Vo)VEL. Here, VEL is equal to or higher than the
potential applied to the wiring V0 and equal to or lower than
VDD. In this manner, the transistor 100 supplies drain current
based on Vgs100 to the load 200.

In the driving method described with reference to the tim-
ing chart in FIG. 2, Vgs100 is voltage that is based on the
signal potential Vsig and is corrected in accordance with the
threshold voltage of the transistor 100. Thus, even when the
threshold voltage of the transistor 100 is varied or changed,
for example, a variation or change in the amount of current
supplied to the load 200 can be reduced. Further, even when
the level of the potential VEL of the source of the transistor
100 is changed due to variations in characteristics of the load
200, the potential of the gate of the transistor 100 is similarly
changed; thus, Vgs100 is not changed. Consequently, even
when the characteristics of the load 200 are changed,
degraded, or varied, predetermined current can be supplied to
the load 200.

The above is the description of the semiconductor device in
FIG. 1B and the method for driving the semiconductor
device.

Note that the configuration of the semiconductor device
according to one embodiment of the present invention is not
limited to the configuration in FIG. 1B. The semiconductor
device according to one embodiment of the present invention
can have the transistor 100, the load 200, the wiring S, the
wiring V, and any number of switches to select the four
connections in FIGS. 3A to 3D.

The method for driving the semiconductor device in FIG.
1B is not limited to the driving method described with refer-
ence to the timing chart in FIG. 2. In the driving method
described with reference to the timing chart in FIG. 2, some of
the periods can be omitted or a different period can be added.
For example, a driving method described with reference to a
timing chart in FIG. 4A can be used. In the timing chart in
FIG. 4A, operations in the period T11, the period T12, the
period T13, and the period T14 are similar to the operations
described with reference to FIG. 2. The timing chart in FIG.
4 A differs from the timing chart in FIG. 2 in that a period T13'
is provided after the period T13.
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Inthe period T13', the switch 103 is kept off, the switch 101
is turned off, and the switch 102 is turned on. The switch 104
may be kept off or may be turned on. Note that timing of
turning off the switch 101 and timing of turning on the switch
102 may be the same or different. In the case where the switch
104 is turned on in the period T13', timing of turning on the
switch 104 may be the same as or different from the timing of
turning off the switch 101 and/or the timing of turning on the
switch 102. While the switch 101 is off, the potential of the
wiring S can be a given potential (indicated by diagonal lines
in FIG. 4A). When the switch 104 is off, the potential of the
wiring V can be a given potential. When the switch 104 is on,
the potential of the wiring V is VDD. FIG. 4B schematically
illustrates a connection in the cell in which the switch 104 is
off in the period T13'. FIG. 4C schematically illustrates a
connection in the cell in which the switch 104 is on in the
period T13'.

With a connection in FIG. 4B or 4C, electric charge held in
the capacitor 111 and the capacitor 112 can be discharged via
the transistor 100. Here, discharge capacity per unit time
varies depending on current characteristics (e.g., mobility) of
the transistor 100. For example, higher mobility of the tran-
sistor 100 can increase electric discharge per unit time. Thus,
when the electric charge is discharged in a very short time,
Vgs100 can be corrected in accordance with the mobility of
the transistor 100. In this manner, Vgs100 can be corrected in
accordance with variations, degradation, and the like of the
current characteristics of the transistors 100.

The operation in the period T14 after the period T13' is
similar to the operation described with reference to FIG. 2. In
the driving method described with reference to the timing
chart in FIG. 4A, Vgs100 is voltage that is based on the signal
potential Vsig and is corrected in accordance with the thresh-
old voltage and mobility of the transistor 100. Thus, even
when the threshold voltage and mobility of the transistor 100
are varied or changed, for example, a variation or change in
the amount of current supplied to the load 200 can be reduced.
Further, even when the level of the potential VEL of the
source of the transistor 100 is changed due to changes, varia-
tions, or degradation of the characteristics of the load 200, the
potential of the gate of the transistor 100 is similarly changed;
thus, Vgs100 is not changed. Consequently, even when the
characteristics of the load 200 are changed, predetermined
current can be supplied to the load 200.

Note that the configuration of the semiconductor device
according to one embodiment of the present invention is not
limited to the configuration in FIG. 1B. The semiconductor
device according to one embodiment of the present invention
can have the transistor 100, the load 200, the wiring S, the
wiring V, and any number of switches to select the fifth
connections in FIGS. 3A to 3D and FIG. 4B or 4C.

The method for driving the semiconductor device has been
described giving the example in which the transistor 100 is an
n-channel transistor, the load 200 has a rectifying property,
and current flows from the wiring V to the wiring V0 in FIG.
1B. When the load 200 in FIG. 1B is the light-emitting ele-
ment 201, the semiconductor device in FIG. 1B has the same
configuration as the semiconductor device in FIG. 1C. Thus,
the semiconductor device in FIG. 1C can also be operated by
the driving method.
<Driving Method in the Case of P-channel Transistor 100>

The method for driving the semiconductor device in FIG.
1D is described with reference to an example of a timing chart
in FIG. 5.

In the timing chart in FIG. 5, Vgs100 represents a potential
difference between the gate and the source of the transistor
100 in each period (each of the period T11, the period T12, the
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period T13, and the period T14). In the timing chart in FIG. 5,
101 represents the state of the switch 101 in each period; 102
represents the state of the switch 102 in each period; 103
represents the state of the switch 103 in each period; and 104
represents the state of the switch 104 in each period. In FIG.
5, “ON” represents the state where the switch is on, and
“OFF” represents the state where the switch is off. In the
timing chart in FIG. 5, 300 represents the potential of the
wiring S that is controlled by the circuit 300 in each period.
Note that the circuit 301 controls the potential of the wiring V
so that the potential of the wiring V is VSS (VSS is lower than
apotential applied to the wiring V0) at least in the period T11
and the period T14. In the period T12 and the period T13, the
potential of the wiring V is a given potential. The circuit 301
may control the potential of the wiring V so that the potential
of the wiring V is VSS in the period T12 and/or the period
T13.

In the period T11, the switch 101, the switch 102, the
switch 103, and the switch 104 are all turned on. The potential
of'the wiring S is set to the initialization potential Vinit by the
circuit 300. Here, the initialization potential Vinit is equal to
or higher than the potential of the wiring V0, for example. The
potential of the wiring V is VSS. FIG. 46A schematically
illustrates a connection in the cell in the period T11. With such
a connection, voltage held in the capacitor 111 becomes
VSS-Vinit. The potential of the source of the transistor 100
becomes Vinit, the potential of the gate of the transistor 100
becomes VSS, and Vgs100 becomes VSS—Vinit. Note that
VS8 and Vinit are set such that VSS—Vinit is lower than the
threshold voltage of the transistor 100. In this manner, the
transistor 100 is turned on when the period T11 is terminated.
Here, since the initialization potential Vinit is equal to or
higher than the potential of the wiring V0, current does not
flow to the load 200 in the period T11.

In the period T12, the switch 101, the switch 102, and the
switch 103 are kept on and the switch 104 is turned off. The
potential of the wiring S is kept at the initialization potential
Vinit by the circuit 300. Note that while the switch 104 is off,
the potential of the wiring V can be a given potential. FIG.
468 schematically illustrates a connection in the cell in the
period T12. With such a connection, electric charge held in
the capacitor 111 is discharged through the source and the
drain of the transistor 100 that is on. The electric charge is
continuously discharged until the voltage held in the capaci-
tor 111 becomes Vth and the transistor 100 is turned off. In
this manner, the voltage held in the capacitor 111 becomes
Vith. The potential of the source of the transistor 100 remains
at Vinit, the potential of the gate of the transistor 100 becomes
Vinit+Vth, and Vgs100 becomes Vth. In this manner, the
threshold voltage Vth of the transistor 100 can be held in the
capacitor 111. Since the initialization potential Vinit is equal
to or higher than the potential of the wiring V0, current does
not flow to the load 200 in the period T12 as in the period T11.

Note that in some cases, it takes a very long time for
Vgs100 to be equal to the threshold voltage Vth of the tran-
sistor 100. Accordingly, in many cases, the next operation is
performed while Vgs100 is not completely raised to the
threshold voltage Vth. That is, in many cases, the period T12
is terminated while Vgs100 is slightly lower than the thresh-
old voltage Vth. In other words, at the termination of the
period T12, Vgs100 becomes voltage based on the threshold
voltage.

In the period T13, the switch 101 is kept on, the switch 104
is kept off, and the switch 102 and the switch 103 are turned
off. Note that timing of turning oft the switch 102 and timing
of'turning off the switch 103 may be the same or different. The
potential of the wiring S is set to the signal potential Vsig by
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the circuit 300. Note that since the switch 104 is off, the
potential of the wiring V can be a given potential. FIG. 46C
schematically illustrates a connection in the cell in the period
T13. With such a connection, the voltage held in the capacitor
111 remains at Vth or the voltage based on Vth, and the
potential of the source of the transistor 100 becomes Vinit+
Va. The potential of the gate of the transistor 100 becomes
Vsig+Vth, and Vgs100 becomes Vsig+Vth—(Vinit+Va).
Here, Va. depends on the capacitance of the load 200, the
capacitance of the capacitor 112, and the like. For example,
Va.is negative voltage. In this manner, Vgs100 can be voltage
that is based on the signal potential Vsig and is corrected in
accordance with the threshold voltage of the transistor 100.
When the capacitance of the load 200 is much higher than the
capacitance of the capacitor 112, Va is very low. Since the
potential of the source of the transistor 100 becomes Vinit+
Va but Va is very low, current does not flow to the load 200.
Voltage held in the capacitor 112 becomes Vsig—(Vinit+Va.).

Note that in the period T13, the semiconductor device can
operate while the switch 104 is turned on. In that case, current
flows to the transistor 100, and electric charge in the capacitor
112 is discharged by the current. At this time, discharge
capacity varies depending on current characteristics (e.g.,
mobility) of the transistor 100. For example, higher mobility
of the transistor 100 can increase electric discharge per unit
time. Thus, when the switch 104 is turned on and the electric
charge in the capacitor 112 is discharged, Vgs100 can be
corrected in accordance with the mobility of the transistor
100. In this manner, Vgs100 can be corrected in accordance
with variations, degradation, and the like of the current char-
acteristics of the transistors 100.

In the period T14, the switch 102 and the switch 103 are
kept off, the switch 101 is turned off, and the switch 104 is
turned on. Note that timing of turning off the switch 101 and
timing of turning on the switch 104 may be the same or
different. While the switch 101 is off, the potential of the
wiring S can be a given potential (indicated by diagonal lines
in FIG. 5). While the switch 104 is on, the potential of the
wiring V is VSS. FIG. 46D schematically illustrates a con-
nection in the cell in the period T14. With such a connection,
the voltage held in the capacitor 111 remains at Vth, the
voltage held in the capacitor 112 remains at Vsig—(Vinit+
Va), Vgs100 remains at Vsig+Vth—(Vinit+Va), and the
potential of the source of the transistor 100 becomes VEL.
Further, the potential of the gate of the transistor 100 becomes
Vsig+Vth—(Vinit+Va)+VEL. Here, VEL is equal to or higher
than VSS and equal to or lower than the potential of the wiring
V0. In this manner, the transistor 100 supplies drain current
based on Vgs100 to the load 200.

In the period T14, Vgs100 is voltage that is based on the
signal potential Vsig and is corrected in accordance with the
threshold voltage of the transistor 100. Thus, even when the
threshold voltage of the transistor 100 is varied or changed,
for example, predetermined drain current that is based on the
signal potential Vsig can be supplied to the load 200. Further,
even when the level of the potential VEL of the source of the
transistor 100 is changed due to changes, degradation, or
variations of characteristics of the load 200, the potential of
the gate of the transistor 100 is similarly changed; thus,
Vgs100 is not changed. Consequently, even when the char-
acteristics of the load 200 are changed, predetermined current
can be supplied to the load 200.

Note that the configuration of the semiconductor device
according to one embodiment of the present invention is not
limited to the configuration in FIG. 1D. The semiconductor
device according to one embodiment of the present invention
can have the transistor 100, the load 200, the wiring S, the
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wiring V, and any number of switches to select the four
connections in FIGS. 46A to 46D.

The method for driving the semiconductor device in FIG.
1D is not limited to the driving method described with refer-
ence to the timing chart in FIG. 5. In the driving method
described with reference to the timing chart in FIG. 5, some of
the periods can be omitted or a different period can be added.
For example, a driving method described with reference to a
timing chart in FIG. 6A can be used. In the timing chart in
FIG. 6A, operations in the period T11, the period T12, the
period T13, and the period T14 are similar to the operations
described with reference to FIG. 5. The timing chart in FIG.
6A differs from the timing chart in FIG. 5 in that the period
T13' is provided after the period T13.

Inthe period T13', the switch 103 is kept off, the switch 101
is turned off, and the switch 102 is turned on. The switch 104
may be kept off or may be turned on. Note that timing of
turning off the switch 101 and timing of turning on the switch
102 may be the same or different. In the case where the switch
104 is turned on in the period T13', timing of turning on the
switch 104 may be the same as or different from the timing of
turning off the switch 101 and/or the timing of turning on the
switch 102. While the switch 101 is off, the potential of the
wiring S can be a given potential (indicated by diagonal lines
in FIG. 6A). When the switch 104 is off, the potential of the
wiring V can be a given potential. When the switch 104 is on,
the potential of the wiring V is VSS. FIG. 6B schematically
illustrates a connection in the cell in which the switch 104 is
off in the period T13'. FIG. 6C schematically illustrates a
connection in the cell in which the switch 104 is on in the
period T13'.

With a connection in FIG. 6B or 6C, electric charge held in
the capacitor 111 and the capacitor 112 can be discharged via
the transistor 100. Here, discharge capacity per unit time
varies depending on current characteristics (e.g., mobility) of
the transistor 100. In other words, higher mobility of the
transistor 100 can increase electric discharge per unit time.
Thus, when the electric charge is discharged in a very short
time, Vgs100 can be corrected in accordance with the mobil-
ity of the transistor 100. In this manner, Vgs100 can be cor-
rected in accordance with variations, degradation, and the like
of the current characteristics of the transistors 100.

The operation in the period T14 after the period T13' is
similar to the operation described with reference to FIG. 5. In
the driving method described with reference to the timing
chart in FIG. 6 A, Vgs100 is voltage that is based on the signal
potential Vsig and is corrected in accordance with the thresh-
old voltage and mobility of the transistor 100. Thus, even
when the threshold voltage and mobility of the transistor 100
are varied or changed, for example, a variation or change in
the amount of current supplied to the load 200 can be reduced.
Further, even when the level of the potential VEL of the
source of the transistor 100 is changed due to changes, varia-
tions, or degradation of the characteristics of the load 200, the
potential of the gate of the transistor 100 is similarly changed;
thus, Vgs100 is not changed. Consequently, even when the
characteristics of the load 200 are changed, predetermined
current can be supplied to the load 200.

Note that the configuration of the semiconductor device
according to one embodiment of the present invention is not
limited to the configuration in FIG. 1D. The semiconductor
device according to one embodiment of the present invention
can have the transistor 100, the load 200, the wiring S, the
wiring V, and any number of switches to select the fifth
connections in FIGS. 46A to 46D and FIG. 6B or 6C.

The method for driving the semiconductor device has been
described using the example in which the transistor 100 is a
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p-channel transistor, the load 200 has a rectifying property,
and current flows from the wiring V0 to the wiring V in FIG.
1D. When the load 200 in FIG. 1D is the light-emitting
element 201, the semiconductor device in FIG. 1D has the
same configuration as the semiconductor device in FIG. 1E.
Thus, the semiconductor device in FIG. 1E can also be oper-
ated by the driving method.

Note that in FIGS. 1A to 1E and the like, the capacitance of
the capacitor 111 is preferably higher than the parasitic
capacitance of the gate of the transistor 100, more preferably
2 or more times the parasitic capacitance of the gate of the
transistor 100, still more preferably 5 or more times the para-
sitic capacitance of the gate of the transistor 100. Alterna-
tively, the area of the electrodes of the capacitor 111 is pref-
erably larger than the area of a channel region of the transistor
100, more preferably 2 or more times the area of the channel
region of the transistor 100, still more preferably 5 or more
times the area of the channel region of the transistor 100.
Alternatively, the area of the electrodes of the capacitor 111 is
preferably larger than the area of the gate of the transistor 100,
more preferably 2 or more times the area of the gate of the
transistor 100, still more preferably 5 or more times the area
of'the gate of the transistor 100. Accordingly, when voltage is
divided by the capacitor 111 and the gate capacitance of the
transistor 100, a decrease in voltage of the capacitor 111 can
be reduced. Note that one aspect of the embodiment of the
present invention is not limited thereto.

Note that in FIGS. 1A to 1E and the like, the capacitance of
the capacitor 112 is preferably lower than the parasitic capaci-
tance of the load 200 (the light-emitting element 201), more
preferably /2 or less of the parasitic capacitance of the load
200, still more preferably ¥5 or less of the parasitic capaci-
tance of the load 200. Alternatively, the area of the electrodes
of'the capacitor 112 is preferably smaller than the area of the
electrodes of the load 200 (the light-emitting element 201),
more preferably ¥ or less of the area of the electrodes of the
load 200, still more preferably Y5 or less of the area of the
electrodes of the load 200. Accordingly, when voltage is
divided by the capacitor 112 and the load 200 (the light-
emitting element 201), higher voltage can be applied to the
capacitor 112. Note that one aspect of the embodiment of the
present invention is not limited thereto.

Note that in FIGS. 1A to 1E and the like, the capacitance of
the capacitor 111 is preferably equal to or higher than the
capacitance of the capacitor 112. The difference between the
capacitance of the capacitor 111 and the capacitance of the
capacitor 112 is preferably +20% or lower, more preferably
+10% or lower. Alternatively, the area of the electrodes of the
capacitor 111 is preferably equal to or larger than the area of
the electrodes of the capacitor 112. Accordingly, the semi-
conductor device can perform optimum operation without
changing the layout area. Note that one aspect of the embodi-
ment of the present invention is not limited thereto.

Note that variations in threshold voltage and the like of the
transistor 100 are corrected in this embodiment; however, one
aspect of the embodiment of the present invention is not
limited thereto. For example, the semiconductor device can
operate by supply of current to the load 200 without compen-
sating variations in threshold voltage.

In this embodiment, the examples of the basic principle are
described. Thus, part or all of this embodiment can be freely
combined with, applied to, or replaced with part or all of
another embodiment.

Embodiment 2

In this embodiment, one embodiment of a semiconductor
device according to the present invention and one embodi-
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ment of a method for driving the semiconductor device that
are different from the semiconductor device and the method
for driving the semiconductor device in Embodiment 1 are
described.

FIG.7A is acircuit diagram illustrating one embodiment of
a semiconductor device according to the present invention.

In FIG. 7A, the semiconductor device includes the transis-
tor 100, the load 200, the wiring S, the wiring V, a wiring R,
the switch 101, the switch 102, the switch 103, the switch 104,
a switch 105, the capacitor 111, and the capacitor 112. The
configuration in FIG. 7A is obtained by addition of the switch
105 and the wiring R to the configuration in FIG. 1A. The
switch 105 has a function of selecting conduction or non-
conduction between the wiring R and one of the pair of
electrodes of the capacitor 111.

Note that as illustrated in FIG. 7A, the wiring S is con-
nected to at least a circuit 302 having a function of supplying
the potential Vsig, for example. An example of' the circuit 302
is a source driver (a signal line driver circuit). Accordingly,
the wiring S has a function of capable of transmitting or
supplying the potential Vsig. The wiring S functions as a
video signal line.

An example of the potential Vsig is a signal for controlling
the amount of current flowing to the load 200. Thus, the
potential Vsig depends on the amount of current to be sup-
plied to the load 200. For example, when current supplied to
the load 200 is constant, the potential Vsig is constant. When
current supplied to the load 200 is not constant, the potential
Vsig changes over time depending on the amount of current
supplied to the load 200. For example, the potential Vsig is an
analog video signal.

Note that as illustrated in FIG. 7A, the wiring R is con-
nected to at least a circuit 303 having a function of supplying
the potential Vinit, for example. An example of the circuit 303
is an initialization circuit. Accordingly, the wiring R has a
function of capable of transmitting or supplying the potential
Vinit. The wiring R functions as an initialization line.

The potential Vinit is a potential for initializing the poten-
tial of each node in the semiconductor device, for example.
Alternatively, the potential Vinit is a potential for supplying
electric charge to the capacitor 111, for example. Alterna-
tively, the potential Vinit is a potential for turning on the
transistor 100, for example. Note that the potential Vinit is
preferably constant; however, one aspect of the embodiment
of the present invention is not limited thereto. The potential
Vinit may vary like a pulse signal.

Note that as illustrated in FIG. 7A, the wiring V is con-
nected to at least the circuit 301 for supplying a power supply
potential (a high power supply potential or a low power sup-
ply potential), for example. An example of the circuit 301 is a
power supply circuit. Accordingly, the wiring V has a func-
tion of capable of transmitting or supplying the power supply
potential. Alternatively, the wiring V has a function of capable
of supplying current to the transistor 100. Alternatively, the
wiring V has a function of capable of supplying current to the
load 200. The wiring V functions as a power supply line.
Alternatively, the wiring V functions as a current supply line.
Note that the potential of the wiring V is preferably constant;
however, one aspect of the embodiment of the present inven-
tion is not limited thereto. The potential of the wiring V may
vary like a pulse signal. For example, the potential of the
wiring V may be a potential at which not only forward bias
voltage but also reverse bias voltage is applied to the load 200.

Other portions in FIG. 7A are similar to those in FIG. 1A;
thus, a description thereof is omitted.

FIG. 7Bis a circuit diagram illustrating one embodiment of
a semiconductor device according to the present invention.
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The semiconductor device in FIG. 7B is an example of the
semiconductor device in FIG. 7A, in which the transistor 100
is an n-channel transistor and a rectifier that allows current to
flow from the wiring V to the wiring V0 (in the direction
indicated by an arrow in FIG. 7B) is used as the load 200. The
same portions as those in FIG. 7A are denoted by the same
reference symbols, and a description thereof is omitted.

FIG. 7C s acircuit diagram illustrating one embodiment of
a semiconductor device according to the present invention.
The semiconductor device in FIG. 7C is an example in which
the light-emitting element 201 is used as the load 200 in FIG.
7B. As illustrated in FIG. 7C, the anode of the light-emitting
element 201 is connected to the transistor 100, and the cath-
ode of the light-emitting element 201 is connected to the
wiring V0. The same portions as those in FIG. 7B are denoted
by the same reference symbols, and a description thereof is
omitted.

FIG. 7D is a circuit diagram illustrating one embodiment of
a semiconductor device according to the present invention.
The semiconductor device in FIG. 7D is an example of the
semiconductor device in FIG. 7A, in which the transistor 100
is a p-channel transistor and a rectifier that allows current to
flow from the wiring V0 to the wiring V (in the direction
indicated by an arrow in FIG. 7D) is used as the load 200. The
same portions as those in FIG. 7A are denoted by the same
reference symbols, and a description thereof is omitted.

FIG. 7E is a circuit diagram illustrating one embodiment of
a semiconductor device according to the present invention.
The semiconductor device in FIG. 7E is an example in which
the light-emitting element 201 is used as the load 200 in FIG.
7D. Asillustrated in F1G. 7E, the cathode of the light-emitting
element 201 is connected to the transistor 100, and the anode
of the light-emitting element 201 is connected to the wiring
V0. The same portions as those in FIG. 7D are denoted by the
same reference symbols, and a description thereof is omitted.

In FIGS. 7A to 7E, the wiring R can be connected to the
wiring V0. For example, FIGS. 8A to 8C illustrate the case
where the wiring R is connected to the wiring V0 in FIGS. 7A,
7C, and 7E. With such configurations, the number of wirings
can be reduced.

Note that FIG. 7A and the like each illustrate a circuit
configuration example; thus, a transistor can be additionally
provided. In contrast, for each node in FIG. 7A and the like, it
is possible not to provide an additional transistor, switch,
passive element, or the like. For example, it is possible not to
provide an additional transistor that is directly connected to a
node where terminals of switches are connected to each other,
a node where terminals of a transistor are connected to each
other, and/or a node where terminals of a load are connected
to each other. Accordingly, for example, it is possible to
directly connect only the transistor 100 to a node where the
load 200, the transistor 100, the capacitor 112, and the switch
103 are connected to each other (in the case where the switch
103 is atransistor, the transistor is excluded), and it is possible
not to directly connect another transistor to the node.
<Method for Driving Semiconductor Device>

An example of a method for driving the semiconductor
device in FIG. 7A is described. In the driving method, poten-
tials input to the wirings and the like vary depending on the
conductivity type of the transistor 100. Thus, a method for
driving the semiconductor device in FIG. 7B having the
n-channel transistor 100 and a method for driving the semi-
conductor device in FIG. 7D having the p-channel transistor
100 are sequentially described.
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<Driving Method in the Case of N-channel Transistor 100>

The method for driving the semiconductor device in FIG.
7B is described with reference to an example of a timing chart
in FIG. 9.

In the timing chart in FIG. 9, Vgs100 represents a potential
difference between the gate and the source of the transistor
100 in each period (each of the period T11, the period T12, the
period T13, and the period T14). In the timing chart in FIG. 9,
101 represents the state of the switch 101 in each period; 102
represents the state of the switch 102 in each period; 103
represents the state of the switch 103 in each period; 104
represents the state of the switch 104 in each period; and 105
represents the state of the switch 105 in each period. In FIG.
9, “ON” represents the state where the switch is on, and
“OFF” represents the state where the switch is off. In the
timing chart in FIG. 9, 302 represents the potential of the
wiring S that is controlled by the circuit 302 in each period,
and 303 represents the potential of the wiring R that is con-
trolled by the circuit 303 in each period. Note that the circuit
301 controls the potential of the wiring V so that the potential
of the wiring V is VDD at least in the period T11 and the
period T14. In the period T12 and the period T13, the poten-
tial of the wiring V is a given potential. The circuit 301 may
control the potential of'the wiring V so that the potential of the
wiring V is VDD in the period T12 and/or the period T13.

In the period T11, the switch 101 is turned off, and the
switch 102, the switch 103, the switch 104, and the switch 105
are turned on. The potential of the wiring R is set to the
initialization potential Vinit by the circuit 303. Here, the
initialization potential Vinit is equal to or lower than the
potential of the wiring V0, for example. While the switch 101
is off, the potential of the wiring S can be a given potential
(indicated by diagonal lines in FIG. 9). The potential of the
wiring V is VDD. FIG. 10A schematically illustrates a con-
nection in the cell in the period T11. With such a connection,
voltage held in the capacitor 111 becomes VDD-Vinit. The
potential of the source of the transistor 100 becomes Vinit, the
potential of the gate of the transistor 100 becomes VDD, and
Vgs100 becomes VDD-Vinit. Note that VDD and Vinit are set
such that VDD-Vinit is higher than the threshold voltage of
the transistor 100. In this manner, the transistor 100 is turned
on when the period T11 is terminated. Here, since the initial-
ization potential Vinit is equal to or lower than a potential
applied to the wiring V0, current does not flow to the load 200
in the period T11.

In the period T12, the switch 102, the switch 103, and the
switch 105 are kept on, the switch 104 is turned off, and the
switch 101 is kept off. The potential of the wiring R is kept at
the initialization potential Vinit by the circuit 303. While the
switch 101 is off, the potential of the wiring S can be a given
potential (indicated by diagonal lines in FIG. 9). While the
switch 104 is off, the potential of the wiring V can be a given
potential. FIG. 10B schematically illustrates a connection in
the cell in the period T12. With such a connection, electric
charge held in the capacitor 111 is discharged through the
source and the drain of the transistor 100 that is on. The
electric charge is continuously discharged until the voltage
held in the capacitor 111 becomes Vth and the transistor 100
is turned off. In this manner, the voltage held in the capacitor
111 becomes Vth. The potential of the source of the transistor
100 remains at Vinit, the potential of the gate of the transistor
100 becomes Vinit+Vth, and Vgs100 becomes Vth. In this
manner, the threshold voltage Vth of the transistor 100 can be
held in the capacitor 111. Since the initialization potential
Vinit is equal to or lower than the potential of the wiring V0,
current does not flow to the load 200 in the period T12 as in the
period T11.
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Note that in some cases, it takes a very long time for
Vgs100 to be equal to the threshold voltage Vth of the tran-
sistor 100. Accordingly, in many cases, the next operation is
performed while Vgs100 is not completely lowered to the
threshold voltage Vth. That is, in many cases, the period T12
is terminated while Vgs100 is slightly higher than the thresh-
old voltage Vth. In other words, at the termination of the
period T12, Vgs100 becomes voltage based on the threshold
voltage.

In the period T13, the switch 104 is kept off, the switch 101
is turned on, and the switch 102, the switch 103, and the
switch 105 are turned off. Note that timing of turning on the
switch 101 and timing of turning off any or all of the switch
102, the switch 103, and the switch 105 may be the same or
different. The potential of the wiring S is set to the signal
potential Vsig by the circuit 302. While the switch 105 is off,
the potential of the wiring R can be a given potential (indi-
cated by diagonal lines in FI1G. 9). Note that since the switch
104 is off, the potential of the wiring V can be a given poten-
tial. FIG. 10C schematically illustrates a connection in the
cell in the period T13. With such a connection, the voltage
held in the capacitor 111 remains at Vth or the voltage based
on Vth, and the potential of the source of the transistor 100
becomes Vinit+Va. The potential of the gate of the transistor
100 becomes Vsig+Vth, and Vgs100 becomes Vsig+Vth—
(Vinit+Va). Here, Va depends on the capacitance of the load
200, the capacitance of the capacitor 112, and the like. For
example, Va is positive voltage. In this manner, Vgs100 can
be voltage that is based on the signal potential Vsig and is
corrected in accordance with the threshold voltage of the
transistor 100. When the capacitance of the load 200 is much
higher than the capacitance of the capacitor 112, Vo is very
low. Since the potential of the source of the transistor 100
becomes Vinit+Va but Va is very low, current does not flow
to the load 200. Voltage held in the capacitor 112 becomes
Vsig-(Vinit+Vav).

Note that in the period T13, the semiconductor device can
operate while the switch 104 is turned on. In that case, current
flows to the transistor 100, and electric charge in the capacitor
112 is discharged by the current. At this time, discharge
capacity varies depending on current characteristics (e.g.,
mobility) of the transistor 100. For example, higher mobility
of the transistor 100 can increase electric discharge per unit
time. Thus, when the switch 104 is turned on and the electric
charge in the capacitor 112 is discharged, Vgs100 can be
corrected in accordance with variations, degradation, and the
like of the current characteristics of the transistors 100.

In the period T14, the switch 102, the switch 103, and the
switch 105 are kept off, the switch 101 is turned off, and the
switch 104 is turned on. Note that timing of turning off the
switch 101 and timing of turning on the switch 104 may be the
same or different. While the switch 101 is off, the potential of
the wiring S can be a given potential (indicated by diagonal
lines in FIG. 9). While the switch 104 is on, the potential of the
wiring V is VDD. FIG. 10D schematically illustrates a con-
nection in the cell in the period T14. With such a connection,
the voltage held in the capacitor 111 remains at Vth, the
voltage held in the capacitor 112 remains at Vsig—(Vinit+
Va), Vgs100 remains at Vsig+Vth—(Vinit+Va), and the
potential of the source of the transistor 100 becomes VEL.
Further, the potential of the gate of the transistor 100 becomes
Vsig+Vth—(Vinit+Va)+VEL. Here, VEL is equal to or higher
than the potential applied to the wiring V0 and equal to or
lower than VDD. In this manner, the transistor 100 supplies
drain current based on Vgs100 to the load 200.

In the driving method described with reference to the tim-
ing chart in FIG. 9, Vgs100 is voltage that is based on the
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signal potential Vsig and is corrected in accordance with the
threshold voltage of the transistor 100. Thus, even when the
threshold voltage of the transistor 100 is varied or changed,
for example, a variation or change in the amount of current
supplied to the load 200 can be reduced. Further, even when
the level of the potential VEL of the source of the transistor
100 is changed due to variations in characteristics of the load
200, the potential of the gate of the transistor 100 is similarly
changed; thus, Vgs100 is not changed. Consequently, even
when the characteristics of the load 200 are changed,
degraded, or varied, predetermined current can be supplied to
the load 200.

The above is the description of the semiconductor device in
FIG. 7B and the method for driving the semiconductor
device.

In this embodiment, the semiconductor devices in FIGS.
7A to 7E and the like are obtained by addition of the wiring R
and the switch 105 to the semiconductor devices in FIGS. 1A
to 1E and the like in Embodiment 1. With these configura-
tions, in the period T11, the period T12, and the period T13,
predetermined potentials can be supplied from different wir-
ings. Thus, the period T11, the period T12, and the period T13
can be prolonged. Alternatively, the number of cells to be
connected to the wiring S can be increased.

Since the potential Vinit is not supplied to the wiring S, a
change in potential of the wiring S can be made small, so that
the power consumption of the semiconductor device can be
reduced.

Note that the configuration of the semiconductor device
according to one embodiment of the present invention is not
limited to the configuration in FIG. 7B. The semiconductor
device according to one embodiment of the present invention
can have the transistor 100, the load 200, the wiring S, the
wiring V, and any number of switches to select the four
connections in FIGS. 10A to 10D.

The method for driving the semiconductor device in FIG.
7B is not limited to the driving method described with refer-
ence to the timing chart in FIG. 9. Some of the periods can be
omitted or a different period can be added. For example, a
driving method described with reference to a timing chart in
FIG. 11A can be used. In the timing chart in FIG. 11A,
operations in the period T11, the period T12, the period T13,
and the period T14 are similar to the operations described
with reference to FIG. 9. The timing chart in FIG. 11A differs
from the timing chart in FIG. 9 in that the period T13' is
provided after the period T13.

In the period T13', the switch 103 and the switch 105 are
kept off, the switch 101 is turned off, and the switch 102 is
turned on. The switch 104 may be kept off or may be turned
on. Note that timing of turning off the switch 101 and timing
of turning on the switch 102 may be the same or different. In
the case where the switch 104 is turned on in the period T13',
timing of turning on the switch 104 may be the same as or
different from the timing of turning off the switch 101 or the
timing of turning on the switch 102. While the switch 101 is
off, the potential of the wiring S can be a given potential
(indicated by diagonal lines in FIG. 11A). While the switch
105 is off, the potential of the wiring R can be a given poten-
tial (indicated by diagonal lines in FIG. 11A). When the
switch 104 is off, the potential of the wiring V can be a given
potential. When the switch 104 is on, the potential of the
wiring V is VDD. FIG. 11B schematically illustrates a con-
nection in the cell in which the switch 104 is off in the period
T13'". FIG. 11C schematically illustrates a connection in the
cell in which the switch 104 is on in the period T13".

With a connection in FIG. 11B or 11C, electric charge held
in the capacitor 111 and the capacitor 112 can be discharged



US 9,082,670 B2

25

via the transistor 100. Here, discharge capacity per unit time
varies depending on current characteristics (e.g., mobility) of
the transistor 100. In other words, higher mobility of the
transistor 100 can increase electric discharge per unit time.
Thus, when the electric charge is discharged in a very short
time, Vgs100 can be corrected in accordance with the mobil-
ity of the transistor 100.

The operation in the period T14 after the period T13' is
similar to the operation described with reference to FIG. 9. In
the driving method described with reference to the timing
chart in FIG. 11A, Vgs100 is voltage that is based on the
signal potential Vsig and is corrected in accordance with the
threshold voltage and mobility of the transistor 100. Thus,
even when the threshold voltage and mobility of the transistor
100 are varied or changed, for example, a variation or change
in the amount of current supplied to the load 200 can be
reduced. Further, even when the level of the potential VEL of
the source of the transistor 100 is changed due to changes,
variations, or degradation of the characteristics of the load
200, the potential of the gate of the transistor 100 is similarly
changed; thus, Vgs100 is not changed. Consequently, even
when the characteristics of the load 200 are changed, prede-
termined current can be supplied to the load 200.

Note that the configuration of the semiconductor device
according to one embodiment of the present invention is not
limited to the configuration in FIG. 7B. The semiconductor
device according to one embodiment of the present invention
can have the transistor 100, the load 200, the wiring S, the
wiring V, the wiring R, and any number of switches to select
the fifth connections in FIGS. 10A to 10D and FIG. 11B or
11C.

The method for driving the semiconductor device has been
described using the example in which the transistor 100 is an
n-channel transistor, the load 200 has a rectifying property,
and current flows from the wiring V to the wiring V0 in FIG.
7B. When the load 200 in FIG. 7B is the light-emitting ele-
ment 201, the semiconductor device in FIG. 7B has the same
configuration as the semiconductor device in FIG. 7C. Thus,
the semiconductor device in FIG. 7C can also be operated by
the driving method.
<Driving Method in the Case of P-channel Transistor 100>

The method for driving the semiconductor device in FIG.
7D is described with reference to an example of a timing chart
in FIG. 12.

In the timing chart in FIG. 12, Vgs100 represents a poten-
tial difference between the gate and the source of the transis-
tor 100 in each period (each of the period T11, the period T12,
the period T13, and the period T14). In the timing chart in
FIG. 12, 101 represents the state of the switch 101 in each
period; 102 represents the state of the switch 102 in each
period; 103 represents the state of the switch 103 in each
period; 104 represents the state of the switch 104 in each
period; and 105 represents the state of the switch 105 in each
period. In FIG. 12, “ON” represents the state where the switch
is on, and “OFF” represents the state where the switch is off.
In the timing chart in FIG. 12, 302 represents the potential of
the wiring S that is controlled by the circuit 302 in each
period, and 303 represents the potential of the wiring R that is
controlled by the circuit 303 in each period. Note that the
circuit 301 controls the potential of the wiring V so that the
potential of the wiring V is VSS at least in the period T11 and
the period T14. In the period T12 and the period T13, the
potential of the wiring V is a given potential. The circuit 301
may control the potential of the wiring V so that the potential
of the wiring V is VSS in the period T12 and/or the period
T13.
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In the period T11, the switch 101 is turned off, and the
switch 102, the switch 103, the switch 104, and the switch 105
are turned on. The potential of the wiring R is set to the
initialization potential Vinit by the circuit 303. Here, the
initialization potential Vinit is equal to or higher than the
potential of the wiring V0, for example. While the switch 101
is off, the potential of the wiring S can be a given potential
(indicated by diagonal lines in FIG. 12). The potential of the
wiring V is VSS. FIG. 47A schematically illustrates a con-
nection in the cell in the period T11. With such a connection,
voltage held in the capacitor 111 becomes VSS—Vinit. The
potential of the source of the transistor 100 becomes Vinit, the
potential of the gate of the transistor 100 becomes VSS, and
Vgs100 becomes VSS—Vinit. Note that VSS and Vinit are set
such that VSS—Vinit is lower than the threshold voltage of the
transistor 100. In this manner, the transistor 100 is turned on
when the period T11 is terminated. Here, since the initializa-
tion potential Vinit is equal to or higher than the potential of
the wiring V0, current does not flow to the load 200 in the
period T11.

Inthe period T12, the switch 101 is kept off, the switch 102,
the switch 103, and the switch 105 are kept on, and the switch
104 is turned off. The potential of the wiring R is kept at the
initialization potential Vinit by the circuit 303. While the
switch 101 is off, the potential of the wiring S can be a given
potential (indicated by diagonal lines in FIG. 12). While the
switch 104 is off, the potential of the wiring V can be a given
potential. FIG. 47B schematically illustrates a connection in
the cell in the period T12. With such a connection, electric
charge held in the capacitor 111 is discharged through the
source and the drain of the transistor 100 that is on. The
electric charge is continuously discharged until the voltage
held in the capacitor 111 becomes Vth and the transistor 100
is turned off. In this manner, the voltage held in the capacitor
111 becomes Vth. The potential of the source of the transistor
100 remains at Vinit, the potential of the gate of the transistor
100 becomes Vinit+Vth, and Vgs100 becomes Vth. In this
manner, the threshold voltage Vth of the transistor 100 can be
held in the capacitor 111. Since the initialization potential
Vinit is equal to or higher than the potential of the wiring V0,
current does not flow to the load 200 in the period T12 as in the
period T11.

Note that in some cases, it takes a very long time for
Vgs100 to be equal to the threshold voltage Vth of the tran-
sistor 100. Accordingly, in many cases, the next operation is
performed while Vgs100 is not completely raised to the
threshold voltage Vth. That is, in many cases, the period T12
is terminated while Vgs100 is slightly lower than the thresh-
old voltage Vth. In other words, at the termination of the
period T12, Vgs100 becomes voltage based on the threshold
voltage.

Inthe period T13, the switch 104 is kept off, the switch 101
is turned on, and the switch 102, the switch 103, and the
switch 105 are turned off. Note that timing of turning on the
switch 101 and timing of turning off any or all of the switch
102, the switch 103, and the switch 105 may be the same or
different. The potential of the wiring S is set to the signal
potential Vsig by the circuit 302. While the switch 105 is off,
the potential of the wiring R can be a given potential (indi-
cated by diagonal lines in FIG. 12). Note that since the switch
104 is off, the potential of the wiring V can be a given poten-
tial. FIG. 47C schematically illustrates a connection in the
cell in the period T13. With such a connection, the voltage
held in the capacitor 111 remains at Vth or the voltage based
on Vth, and the potential of the source of the transistor 100
becomes Vinit+Va. The potential of the gate of the transistor
100 becomes Vsig+Vth, and Vgs100 becomes Vsig+Vth—
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(Vinit+Va). Here, Va depends on the capacitance of the load
200, the capacitance of the capacitor 112, and the like. For
example, Va is negative voltage. In this manner, Vgs100 can
be voltage that is based on the signal potential Vsig and is
corrected in accordance with the threshold voltage of the
transistor 100. When the capacitance of the load 200 is much
higher than the capacitance of the capacitor 112, Vo is very
low. Since the potential of the source of the transistor 100
becomes Vinit+Va but Va is very low, current does not flow
to the load 200. Voltage held in the capacitor 112 becomes
Vsig-(Vinit+Vav).

Note that in the period T13, the semiconductor device can
operate while the switch 104 is turned on. In that case, current
flows to the transistor 100, and electric charge in the capacitor
112 is discharged by the current. At this time, discharge
capacity varies depending on current characteristics (e.g.,
mobility) of the transistor 100. For example, higher mobility
of the transistor 100 can increase electric discharge per unit
time. Thus, when the switch 104 is turned on and the electric
charge in the capacitor 112 is discharged, Vgs100 can be
corrected in accordance with the mobility of the transistor
100. In this manner, Vgs100 can be corrected in accordance
with variations, degradation, and the like of the current char-
acteristics of the transistors 100.

In the period T14, the switch 102, the switch 103, and the
switch 105 are kept off, the switch 101 is turned off, and the
switch 104 is turned on. Note that timing of turning off the
switch 101 and timing of turning on the switch 104 may be the
same or different. While the switch 101 is off, the potential of
the wiring S can be a given potential (indicated by diagonal
lines in FIG. 12). While the switch 104 is on, the potential of
the wiring V is VSS. FIG. 47D schematically illustrates a
connection in the cell in the period T14. With such a connec-
tion, the voltage held in the capacitor 111 remains at Vth, the
voltage held in the capacitor 112 remains at Vsig—(Vinit+
Va), Vgs100 remains at Vsig+Vth—(Vinit+Va), and the
potential of the source of the transistor 100 becomes VEL.
Further, the potential of the gate of the transistor 100 becomes
Vsig+Vth—(Vinit+Va)+VEL. Here, VEL is equal to or higher
than VSS and equal to or lower than the potential of the wiring
V0. In this manner, the transistor 100 supplies drain current
based on Vgs100 to the load 200.

In the period T14, Vgs100 is voltage that is based on the
signal potential Vsig and is corrected in accordance with the
threshold voltage of the transistor 100. Thus, even when the
threshold voltage of the transistor 100 is varied, predeter-
mined drain current that is based on the signal potential Vsig
can be supplied to the load 200. Further, even when the level
of the potential VEL of the source of the transistor 100 is
changed due to changes in characteristics of the load 200, the
potential of the gate of the transistor 100 is similarly changed;
thus, Vgs100 is not changed. Consequently, even when the
characteristics of the load 200 are changed, predetermined
current can be supplied to the load 200.

Note that the configuration of the semiconductor device
according to one embodiment of the present invention is not
limited to the configuration in FIG. 7D. The semiconductor
device according to one embodiment of the present invention
can have the transistor 100, the load 200, the wiring S, the
wiring V, and any number of switches to select the four
connections in FIGS. 47A to 47D

The method for driving the semiconductor device in FIG.
7D is not limited to the driving method described with refer-
ence to the timing chart in FIG. 12. For example, a driving
method described with reference to a timing chart in FIG.
13 A can be used. In the timing chart in FIG. 13 A, operations
in the period T11, the period T12, the period T13, and the
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period T14 are similar to the operations described with ref-
erence to FI1G. 12. The timing chart in FIG. 13 A differs from
the timing chart in FIG. 12 in that the period T13' is provided
after the period T13.

In the period T13', the switch 103 and the switch 105 are
kept off, the switch 101 is turned off, and the switch 102 is
turned on. The switch 104 may be kept off or may be turned
on (indicated by diagonal lines in FIG. 13A). Note that some
orall of timing of turning off the switch 101, timing of turning
off the switch 105, and timing of turning on the switch 102
may be the same or different. In the case where the switch 104
is turned on in the period T13', timing of turning on the switch
104 may be the same as or different from the timing of turning
off the switch 101, the timing of turning off the switch 105, or
the timing of turning on the switch 102. While the switch 101
is off, the potential of the wiring S can be a given potential
(indicated by diagonal lines in FIG. 13A). While the switch
105 is off, the potential of the wiring R can be a given poten-
tial (indicated by diagonal lines in FIG. 13A). When the
switch 104 is off, the potential of the wiring V can be a given
potential. When the switch 104 is on, the potential of the
wiring V is VSS. FIG. 13B schematically illustrates a con-
nection in the cell in which the switch 104 is off in the period
T13'. FIG. 13C schematically illustrates a connection in the
cell in which the switch 104 is on in the period T13".

With a connection in FIG. 13B or 13C, electric charge held
in the capacitor 111 and the capacitor 112 can be discharged
via the transistor 100. Here, discharge capacity per unit time
varies depending on the mobility of the transistor 100. In
other words, higher mobility of the transistor 100 can increase
electric discharge per unit time. Thus, when the electric
charge is discharged in a very short time, Vgs100 can be
corrected in accordance with the mobility of the transistor
100.

The operation in the period T14 after the period T13' is
similar to the operation described with reference to FIG. 12.
In the driving method described with reference to the timing
chart in FIG. 13A, Vgs100 is voltage that is based on the
signal potential Vsig and is corrected in accordance with the
threshold voltage and mobility of the transistor 100. Thus,
even when the threshold voltage and mobility of the transistor
100 are varied, a variation in the amount of current supplied to
the load 200 can be reduced. Further, even when the level of
the potential VEL of the source of the transistor 100 is
changed due to changes in characteristics of the load 200, the
potential of the gate of the transistor 100 is similarly changed;
thus, Vgs100 is not changed. Consequently, even when the
characteristics of the load 200 are changed, predetermined
current can be supplied to the load 200.

Note that the configuration of the semiconductor device
according to one embodiment of the present invention is not
limited to the configuration in FIG. 7D. The semiconductor
device according to one embodiment of the present invention
can have the transistor 100, the load 200, the wiring S, the
wiring V, the wiring R, and any number of switches to select
the fifth connections in FIGS. 47A to 47D and FIG. 13B or
13C.

The method for driving the semiconductor device has been
described using the example in which the transistor 100 is a
p-channel transistor, the load 200 has a rectifying property,
and current flows from the wiring V0 to the wiring V in FIG.
7D. When the load 200 in FIG. 7D is the light-emitting
element 201, the semiconductor device in FIG. 7D has the
same configuration as the semiconductor device in FIG. 7E.
Thus, the semiconductor device in FIG. 7E can also be oper-
ated by the driving method.
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This embodiment is obtained by performing change, addi-
tion, modification, removal, application, superordinate con-
ceptualization, or subordinate conceptualization on part or all
of another embodiment. Thus, part or all of this embodiment
can be freely combined with, applied to, or replaced with part
or all of another embodiment.

Embodiment 3

The semiconductor device according to the present inven-
tion can have a plurality of blocks each shown as “cell” in the
diagrams in Embodiments 1 and 2 (such a block is hereinafter
also referred to as a basic circuit). In that case, a wiring can be
shared with a plurality of basic circuits, whereby the semi-
conductor device can be downsized. In a display device and a
light-emitting device, the use of the basic circuits as pixels
increases the pixel density. Examples of structures for sharing
wirings will be described below in detail with reference to
diagrams. Note that in the diagrams shown below, a plurality
of’basic circuits are distinguished from each other by symbols
such as (i,j), wirings arranged in the row direction are distin-
guished from each other by symbols such as (i), and wirings
arranged in the column direction are distinguished from each
other by symbols such as (j). Note also that the configurations
of the basic circuits are similar to those shown in Embodi-
ments 1 and 2.

FIGS. 14A to 14E, FIGS. 15A to 15F, and FIGS. 16A and
16B are schematic diagrams and circuit diagrams each illus-
trating the configuration of a semiconductor device including
a plurality of basic circuits represented by “cell” in the dia-
grams in Embodiment 1.

FIG. 14 A illustrates basic circuits (cell(i,j) and cell(i,j+1))
in adjacent columns. In each of the basic circuits, the wiring
S and the wiring V are provided in the column direction. FIG.
14B illustrates an example in which the direction of the wir-
ing V in FIG. 14A is changed so that a wiring V(i) is provided
in the row direction and shared with the two basic circuits.
FIG. 14C illustrates an example in which a wiring V(j) pro-
vided in the column direction in FIG. 14A is shared with the
two basic circuits. FIG. 14D is an example of a circuit dia-
gram illustrating the configuration in FIG. 14B more specifi-
cally. FIG. 14E is an example of a circuit diagram illustrating
the configuration in FIG. 14C more specifically.

FIG. 15A illustrates four adjacent basic circuits (cell(i,j),
cell(ij+1), cell(i+1,j), and cell(i+1,j+1)). The cell(i,j) and the
cell(i+1,)) share a wiring S(j) and the wiring V(j). The cell(i,
j+1) and the cell(i+1,j+1) share a wiring S(j+1) and a wiring
V(j+1). FIG. 15B illustrates an example in which the direc-
tion of the wirings V in FIG. 15A is changed so that the wiring
V(i) and a wiring V(i+1) are provided in the row direction, the
cell(ij) and the cell(i,j+1) share the wiring V(i), and the
cell(i+1,j) and the cell(i+1,j+1) share the wiring V(i+1). FIG.
15C illustrates an example in which the wirings V are pro-
vided in the row and column directions; the cell(i,j) and the
cell(ij+1) share the wiring V (i), the cell(i+1,j) and the cell(i+
1,j+1) share the wiring V(i+1), the cell(i,j) and the cell(i+1,j)
share the wiring V(j), and the cell(i,j+1) and the cell(i+1,j+1)
share the wiring V(j+1). The wiring V(i), the wiring V(i+1),
the wiring V(j), and the wiring V(j+1) can be connected to
each other. By providing the wirings V in such a manner,
adverse effects of voltage drop due to wiring resistance or the
like can be reduced and a constant potential can be supplied to
aplurality of basic circuits. Thus, the configuration illustrated
in FIG. 15C is particularly effective for a structure including
aplurality of basic circuits, for example, a display device and
alight-emitting device that include the basic circuits as pixels.
FIG. 15D illustrates an example in which the wiring V(j) is
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shared between adjacent columns. FIG. 15E illustrates an
example in which the wiring V(i) is shared between adjacent
rows. FIG. 15F illustrates an example in which the wiring V(j)
and the wiring V(i) are provided, the wiring V(j) is shared
between adjacent columns, and the wiring V(i) is shared
between adjacent rows. The wiring V(i) and the wiring V(j)
can be connected to each other. By providing the wirings V in
such a manner, adverse effects of voltage drop due to wiring
resistance or the like can be reduced and a constant potential
can be supplied to a plurality of basic circuits. Thus, the
configuration illustrated in FIG. 15F is particularly effective
for a structure including a plurality of basic circuits, for
example, a display device and a light-emitting device that
include the basic circuits as pixels. FIG. 16A is an example of
a circuit diagram illustrating the configuration in FIG. 15D
more specifically. FIG. 16B is an example of a circuit diagram
illustrating the configuration in FIG. 15F more specifically.

FIGS. 17A to 171, FIGS. 18A and 18B, FIGS. 19A to 19E,
FIGS. 20A to 20G, and FIGS. 21A and 21B are schematic
diagrams and circuit diagrams each illustrating the configu-
ration of a semiconductor device including a plurality of basic
circuits represented by “cell” in the diagrams in Embodiment
2.

FIG. 17A illustrates the basic circuits (the cell(i,j) and
cell(ij+1)) in adjacent columns. In each of the basic circuits,
the wiring S, the wiring R, and the wiring V are provided in
the column direction. FIG. 17B illustrates an example in
which the direction of the wirings V in FIG. 17A is changed
so that the wiring V(i) is provided in the row direction and
shared with the two basic circuits. FIG. 17C illustrates an
example in which the direction of the wirings R in FIG. 17A
is changed so that a wiring R(i) is provided in the row direc-
tion and shared with the two basic circuits. FIG. 17D illus-
trates an example in which the direction of the wirings V and
the wirings R in FIG. 17A is changed so that the wiring V(i)
and the wiring R(i) are provided in the row direction and
shared with the two basic circuits. FIG. 17E illustrates an
example in which the wiring V(j) provided in the column
direction in FIG. 17A is shared with the two basic circuits.
FIG. 17F illustrates an example in which a wiring R(j) pro-
vided in the column direction in FIG. 17A is shared with the
two basic circuits. FIG. 17G illustrates an example in which
the wiring V(j) and the wiring R(j) provided in the column
direction in FIG. 17A are shared with the two basic circuits.
FIG. 17H illustrates an example in which the wiring V(j) in
FIG. 17C is shared with the two basic circuits. FIG. 171 is an
example of a circuit diagram illustrating the configuration in
FIG. 17H more specifically. FIG. 18A is an example of a
circuit diagram illustrating the configuration in FIG. 17B
more specifically. FIG. 18B is an example of a circuit diagram
illustrating the configuration in FIG. 17D more specifically.

FIG. 19A illustrates four adjacent basic circuits (the cell(i,
1), cell(ij+1), cell(i+1,j), and cell(i+1,j+1)). The cell(i,j) and
cell(i+1,j) share the wiring S(j), the wiring R(j), and the
wiring V(j). The cell(i,j+1) and the cell(i+1,j+1) share the
wiring S(j+1), a wiring R(j+1), and the wiring V(j+1). In FI1G.
19B, the cell(i,j) and the cell(i+1,j) share the wiring S(j) and
the wiring R(j). Moreover, the cell(i,j+1) and the cell(i+1,j+1)
share the wiring S(j+1) and the wiring R(j+1). The cell(i,j)
and the cell(i,j+1) share the wiring V(i). The cell(i+1,j) and
the cell(i+1,j+1) share the wiring V(i+1). In FIG. 19C, the
cell(i,j) and the cell(i+1,j) share the wiring S(j) and the wiring
V(). The cell(i,j+1) and the cell(i+1,j+1) share the wiring
S(j+1) and the wiring V(j+1). The cell(i,j) and the cell(i,j+1)
share the wiring R(i). The cell(i+1,j) and the cell(i+1,j+1)
share a wiring R(i+1). FIG. 19D illustrates an example in
which the direction of the wirings R in FIG. 19B is changed so
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that the wiring R(i) and the wiring R(i+1) are provided in the
row direction. FIG. 19E illustrates an example in which the
wiring V(j) and the wiring V(j+1) are additionally provided in
FIG. 19D. The wiring V(i), the wiring V(i+1), the wiring V(j),
and the wiring V(j+1) can be connected to each other. By
providing the wirings V in such a manner, adverse effects of
voltage drop due to wiring resistance or the like can be
reduced and a constant potential can be supplied to a plurality
of basic circuits. Thus, the configuration illustrated in FIG.
19E is particularly effective for a structure including a plu-
rality of basic circuits, for example, a display device and a
light-emitting device that include the basic circuits as pixels.

FIG. 20A illustrates four adjacent basic circuits (the cell(i,
1), cell(ij+1), cell(i+1,)), and cell(i+1,j+1)). The cell(i,j) and
the cell(i+1,j) share the wiring S(j) and the wiring R(j). The
cell(ij+1) and the cell(i+1,j+1) share the wiring S(j+1) and
the wiring R(j+1). The four basic circuits share the wiring
V(j). In FIG. 20B, the cell(i,j) and the cell(i+1,j) share the
wiring S(j) and the wiring V(j). The cell(i,j+1) and the cell(i+
1,j+1) share the wiring S(j+1) and the wiring V(j+1). The four
basic circuits share the wiring R(j). In FIG. 20C, the cell(i,j)
and the cell(i+1,j) share the wiring S(j). The cell(i,j+1) and the
cell(i+1,j+1) share the wiring S(j+1). The four basic circuits
share the wiring V(j) and the wiring R(j). FIG. 20D illustrates
an example in which the direction of the wiring V and the
wiring R in FIG. 20C is changed so that the wiring V(i) and
the wiring R(i) are provided in the row direction and shared
with the four basic circuits. In FIG. 20E, the cell(i,j) and the
cell(i+1,j) share the wiring S(j). The cell(i,j+1) and the cell
(i+1,j+1) share the wiring S(j+1). The four basic circuits share
the wiring R(i) and the wiring V(j). In FIG. 20F, the cell(i,j)
and the cell(i+1,j) share the wiring S(j). The cell(i,j+1) and the
cell(i+1,j+1) share the wiring S(j+1). The four basic circuits
share the wiring R(j) and the wiring V(i). In FIG. 20G, the
wiring V(i) is additionally provided in FIG. 20A and shared
with the four basic circuits. The wiring V(i) and the wiring
V(j) can be connected to each other. By providing the wirings
V in such a manner, adverse effects of voltage drop due to
wiring resistance or the like can be reduced and a constant
potential can be supplied to a plurality of basic circuits. Thus,
the configuration illustrated in FIG. 20G is particularly effec-
tive for a structure including a plurality of basic circuits, for
example, a display device and a light-emitting device that
include the basic circuits as pixels. FIG. 21 A is an example of
a circuit diagram illustrating the configuration in FIG. 20A
more specifically. FIG. 21B is an example of a circuit diagram
illustrating the configuration in FIG. 20G more specifically.

This embodiment is obtained by performing change, addi-
tion, modification, removal, application, superordinate con-
ceptualization, or subordinate conceptualization on part or all
of another embodiment. Thus, part or all of this embodiment
can be freely combined with, applied to, or replaced with part
or all of another embodiment.

Embodiment 4

Each of the switches in the basic circuit (cell) described in
Embodiments 1 to 3 can be a transistor.

FIGS. 22 A and 22C each illustrate an example of the semi-
conductor device in FIG. 1A of Embodiment 1, which is
configured such that the switches 101 to 104 are transistors 11
to 14, respectively. The conductivity types of the transistors
11 to 14 can be the same as or different from that of the
transistor 100. When all the transistors included in the basic
circuit (cell) have the same conductivity type, the process of
fabricating the semiconductor device can be simplified and
thus the costs can be reduced. FIG. 22 A illustrates an example
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where the transistors 11 to 14 are n-channel transistors, while
FIG. 22C illustrates an example where the transistors 12 and
13 are n-channel transistors and the transistors 11 and 14 are
p-channel transistors.

A gate of the transistor 11 can be connected to a wiring G1;
a gate of the transistor 12, a wiring G2; a gate of the transistor
13, a wiring G3; and a gate of the transistor 14, a wiring G4.
For example, the wirings G1 to G4 are connected to a circuit
401 as illustrated in FIGS. 22A and 22C. The circuit 401 has
functions of outputting signals to the wirings G1 to G4 and
controlling switching (on/off state) of the transistors 11 to 14.
Consequently, potentials (e.g., signal potentials) supplied to
the wirings G1 to G4 are preferably pulsed potentials and not
constant; however, one aspect of the embodiment of the
present invention is not limited thereto. Alternatively, the
wirings G1 to G4 function as gate signal lines, selection
signal lines, or scan lines. An example of the circuit 401 is a
gate driver (scan line driver circuit). Other parts of the con-
figuration are the same as those in FIG. 1A and the like;
therefore, a description thereof is omitted.

FIG. 22B illustrates an example of the configuration in
FIG. 22A, in which the transistors 12 and 13 have the same
conductivity type and share the wirings G2 and G3 so that the
wiring G3 is integrated with the wiring G2. For example, the
wirings G1 and G2 are connected to a circuit 402 as illustrated
in FIG. 22B. The circuit 402 has functions of outputting
signals to the wirings G1 and G2 and controlling switching
(on/off state) of the transistors 11 to 13. The wiring G4 is
connected to a circuit 403, for example, as illustrated in FIG.
22B. The circuit 403 has functions of outputting signals to the
wiring G4 and controlling switching (on/off state) of the
transistor 14. An example of the circuits 402 and 403 is a gate
driver (scan line driver circuit). Other parts of the configura-
tion are the same as those in FIG. 1A and the like; therefore,
a description thereof is omitted.

Although FIGS. 22A to 22C illustrate the examples in
which the switches in the basic circuit (cell) in FIG. 1A are
transistors, the semiconductor device according to the present
invention is not limited to such structures. Each of the
switches in the semiconductor device described in Embodi-
ment 1 can be a transistor. Moreover, a plurality of transistors
that are switched on or off at the same time or at different
timings can share a wiring connected to gates of the transis-
tors. For example, when a transistor A and a transistor B have
the same conductivity type and are turned on or off at the same
time, a wiring connected to a gate of the transistor A and a
wiring connected to a gate of the transistor B can be merged
into a single wiring. Alternatively, for example, when the
transistor A and the transistor B have different conductivity
types and one of the transistors A and B is turned on while the
other is turned off and one of the transistors A and B is turned
off while the other is turned on, the wiring connected to the
gate of the transistor A and the wiring connected to the gate of
the transistor B can be merged into a single wiring.

FIG. 23A illustrates an example of the semiconductor
device in FIG. 7A of Embodiment 2, which is configured such
that the switches 101 to 105 are transistors 11 to 15, respec-
tively. The conductivity types of the transistors 11 to 15 can be
the same as or different from that of the transistor 100. When
all the transistors included in the basic circuit (cell) have the
same conductivity type, the process of fabricating the semi-
conductor device can be simplified and thus the costs can be
reduced.

The gate of the transistor 11 can be connected to the wiring
(1; the gate of the transistor 12, the wiring (G2; the gate of the
transistor 13, the wiring G3; the gate of the transistor 14, the
wiring G4; and a gate of the transistor 15, a wiring G5. For
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example, the wirings G1 to G5 are connected to a circuit 404
as illustrated in FIG. 23A. The circuit 404 has functions of
outputting signals to the wirings G1 to G5 and controlling
switching (on/off state) of the transistors 11 to 15. Conse-
quently, potentials (e.g., signal potentials) supplied to the
wirings G1 to G5 are preferably pulsed potentials and not
constant; however, one aspect of the embodiment of the
present invention is not limited thereto. Alternatively, the
wirings G1 to G5 function as gate signal lines, selection
signal lines, or scan lines. An example of the circuit 404 is a
gate driver (scan line driver circuit). Other parts of the con-
figuration are the same as those in FIG. 7A and the like;
therefore, a description thereof is omitted.

FIG. 23B illustrates an example of the configuration in
FIG. 23A, in which the transistors 12 and 13 have the same
conductivity type and share the wirings G2 and G3 so that the
wiring G3 is integrated with the wiring G2. For example, the
wirings G1 and G2 are connected to a circuit 405 as illustrated
in FIG. 23B. The circuit 405 has functions of outputting
signals to the wirings G1 and G2 and controlling switching
(on/off state) of the transistors 11 to 13. The wirings G4 and
G5 are connected to a circuit 406, for example, as illustrated
in FIG. 23B. The circuit 406 has functions of outputting
signals to the wirings G4 and G5 and controlling switching
(on/off state) of the transistors 14 and 15. An example of the
circuits 405 and 406 is a gate driver (scan line driver circuit).
Other parts of the configuration are the same as those in FIG.
7A and the like; therefore, a description thereof is omitted.

FIG. 23C illustrates an example of the configuration in
FIG. 23A, in which the transistors 12, 13, and 15 have the
same conductivity type and share the wirings G2, G3, and G5
so that the wirings G3 and G5 are integrated with the wiring
G2. For example, the wirings G1 and G2 are connected to a
circuit 407 as illustrated in FIG. 23C. The circuit 407 has
functions of outputting signals to the wirings G1 and G2 and
controlling switching (on/off state) of the transistors 11 to 13
and the transistor 15. The wiring G4 is connected to a circuit
408, for example, as illustrated in FIG. 23C. The circuit 408
has functions of outputting signals to the wiring G4 and
controlling switching (on/off state) of the transistor 14. An
example of the circuits 407 and 408 is a gate driver (scan line
driver circuit). Other parts of the configuration are the same as
those in FIG. 7A and the like; therefore, a description thereof
is omitted.

FIG. 51A illustrates an example of the configuration in
FIG. 23A, in which the transistors 13 and 15 have the same
conductivity type and share the wirings G3 and G5 so that the
wiring G5 is integrated with the wiring G3. For example, the
wirings G1 and G2 are connected to a circuit 409 as illustrated
in FIG. 51A. The circuit 409 has functions of outputting
signals to the wirings G1 and G2 and controlling switching
(on/off state) of the transistors 11 and 12. The wirings G3 and
(G4 are connected to a circuit 410, for example, as illustrated
in FIG. 51A. The circuit 410 has functions of outputting
signals to the wirings G3 and G4 and controlling switching
(on/off state) of the transistors 13 to 15. An example of the
circuits 409 and 410 is a gate driver (scan line driver circuit).
Other parts of the configuration are the same as those in FIG.
7A and the like; therefore, a description thereof is omitted.

FIG. 51B illustrates an example of the configuration in
FIG. 23A, in which the transistors 12 and 15 have the same
conductivity type and share the wirings G2 and G5 so that the
wiring G5 is integrated with the wiring G2. For example, the
wirings G1 and G2 are connected to a circuit 411 as illustrated
in FIG. 51B. The circuit 411 has functions of outputting
signals to the wirings G1 and G2 and controlling switching
(on/off state) of the transistors 11, 12, and 15. The wirings G3
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and G4 are connected to a circuit 412, for example, as illus-
trated in FIG. 51B. The circuit 412 has functions of outputting
signals to the wirings G3 and G4 and controlling switching
(on/off state) of the transistors 13 and 14. An example of the
circuits 411 and 412 is a gate driver (scan line driver circuit).
Other parts of the configuration are the same as those in FIG.
7A and the like; therefore, a description thereof is omitted.

In FIGS. 22A to 22C, FIGS. 23A to 23C, and the like, the
transistor 100 can function as a current source. Accordingly,
the transistor 100 often operates in a saturation region when
current flows. In that case, the functionality of the current
source is higher as the slope of the current characteristics in
the saturation region is flatter (as the slope of the curve with
voltage between a drain and a source on the horizontal axis
and current flowing between the drain and source on the
vertical axis is smaller, for example, is closer to 0). For that
reason, the channel length or gate length of the transistor 100
is preferably larger than that of each of the transistors 11 to 15.
Specifically, the channel length or gate length of the transistor
100 is preferably 5 or more times, further preferably 10 or
more times that of each of the transistors 11 to 15. Note that
one aspect of the embodiment of the present invention is not
limited thereto.

In FIGS. 22A to 22C, FIGS. 23A to 23C, and the like, the
transistor 100 can have a function of supplying high current to
the load 200. Accordingly, it is preferable that the transistor
100 can supply a higher current to the load 200 when a current
flows through the transistor 100. For that reason, the channel
width or gate width of the transistor 100 is preferably larger
than that of each of the transistors 11 to 15. Specifically, the
channel width or gate width of the transistor 100 is preferably
5 or more times, further preferably 10 or more times that of
each of the transistors 11 to 15. Note that one aspect of the
embodiment of the present invention is not limited thereto.

Although FIGS. 23A to 23C illustrate the examples in
which the switches in the basic circuit (cell) in FIG. 7A are
transistors, the semiconductor device according to the present
invention is not limited to such structures. Each of the
switches in the semiconductor device described in Embodi-
ment 2 can be a transistor. Moreover, a plurality of transistors
that are switched on or off at the same time or at different
timings can share a wiring connected to gates of the transis-
tors.

When the semiconductor device according to the present
invention includes a plurality of basic circuits (cells) each
having the configuration illustrated in any of FIGS. 22A to
22C and FIGS. 23 A to 23C, the plurality of basic circuits can
share a wiring. Sharing of a wiring with a plurality of basic
circuits can downsize the semiconductor device. In a display
device and a light-emitting device, the use of the basic circuits
as pixels increases the pixel density. Examples of structures
for sharing wirings will be described below in detail with
reference to diagrams. Note that in the diagrams shown
below, a plurality of basic circuits are distinguished from each
other by symbols such as (i,j), wirings arranged in the row
direction are distinguished from each other by symbols such
as (i), and wirings arranged in the column direction are dis-
tinguished from each other by symbols such as (j). Note also
that the configuration of the basic circuits is similar to those
described above.

FIG. 24 illustrates an example of a semiconductor device
including a plurality of basic circuits (cells) having the con-
figuration illustrated in FIG. 23A; a wiring of another basic
circuit (cell) is used without the provision of the wiring R. As
an example, the wiring G1 inthe previous row is used. FIG. 25
illustrates another example of a semiconductor device includ-
ing a plurality of basic circuits (cells) having the configura-
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tion illustrated in FIG. 23A. The wiring G4 in the previous
row is used without the provision of the wiring R. One aspect
of the embodiment of the present invention is not limited to
these examples, and any of the wirings G1 to G5 in another
row can be used without the provision of the wiring R.

FIG. 26 illustrates an example of a semiconductor device
including a plurality of basic circuits (cells) having the con-
figuration illustrated in FIG. 22 A. Two basic circuits share the
wirings G1 to G4. FIG. 27 illustrates another example of a
semiconductor device including a plurality of basic circuits
(cells) having the configuration illustrated in FIG. 22A. Three
basic circuits share the wirings G1 to G4. The present inven-
tionis not limited to these examples, and the wirings G1 to G4
can be shared with four or more basic circuits. FIG. 28 illus-
trates another example of a semiconductor device including a
plurality of basic circuits (cells) having the configuration
illustrated in FIG. 23 A. Two basic circuits share the wirings
G1 to G5. FIG. 29 illustrates an example where the two basic
circuits in FIG. 28 also share the wiring R(j). Note that the
present invention is not limited to these examples, and a
plurality of transistors that are switched on or off at the same
time or at different timings can share a wiring connected to
gates of the transistors.

Although FIG. 26 and FIG. 27 illustrate the examples in
which a plurality of basic circuits share all the wirings G1 to
G4, the present invention is not limited to these examples and
some of these wirings may be shared. Although FIG. 28 and
FIG. 29 illustrate the examples in which a plurality of basic
circuits share all the wirings G1 to G5, the present invention
is not limited to these examples and some of these wirings
may be shared. Further, the configurations in FIGS. 26 to 29
may be used in combination with the wire sharing structure
described in Embodiment 3.

FIG. 41A illustrates an example of a semiconductor device
including a plurality of basic circuits (cells) having the con-
figuration illustrated in FIG. 22 A. The wiring G1 of the basic
circuit (cell) in the previous row can be used without the
provision of the wirings G2 and G3. Note that the transistors
12 and 13 have the same conductivity type as the transistor 11.
An example of a method for driving the semiconductor device
having this structure is illustrated in FIG. 41B. FIG. 41B
illustrates the timing relationships between the periods T11,
T12, T13, and T14 in the cell(i,j) and the periods T11, T12,
T13, and T14 in the cell(i+1,j). The operation in each period
is the same as that described in Embodiments 1 and 2, and the
description thereof is omitted.

FIG. 44 illustrates an example of a semiconductor device
including a plurality of basic circuits (cells) having the con-
figuration illustrated in FIG. 22B. The semiconductor device
can include a unit 441 (e.g., a scan line driver circuit) having
a function of inputting signals to the wirings G1 and G2 of the
basic circuits, and a unit 442 (e.g., a scan line driver circuit)
having a function of inputting signals to the wirings G4 of the
basic circuits. Here, when an output out(i) of the unit 441 is
input to both the wiring G2(i) and the wiring G1(i-1), a signal
input to the wiring G2 of each basic circuit can be the same as
a signal input to the wiring G1 of the basic circuit (cell) in the
previous row. Note that the transistors 12 and 13 have the
same conductivity type as the transistor 11.

FIG. 42A illustrates another example of a semiconductor
device including a plurality of basic circuits (cells) having the
configuration illustrated in FIG. 22A. The wiring G4 of the
basic circuit (cell) in the previous row can be used without the
provision of the wirings G2 and G3. Note that the conductiv-
ity types of the transistors 12 and 13 are different from that of
the transistor 14. An example of a method for driving the
semiconductor device having this structure is illustrated in
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FIG. 42B. FIG. 42B illustrates the timing relationships
between the periods T11, T12, T13, and T14 in the cell(i,j)
and the periods T11, T12, T13, and T14 in the cell(i+1,j). The
operation in each period is the same as that described in
Embodiments 1 and 2, and the description thereof is omitted.

FIG. 43A illustrates an example of a semiconductor device
including a plurality of basic circuits (cells) having the con-
figuration illustrated in FIG. 23 A. The wiring G4 of the basic
circuit (cell) in the previous row can be used without the
provision of the wirings G2, G3, and G5. Note that the con-
ductivity types of the transistors 12, 13, and 15 are different
from that of the transistor 14. An example of a method for
driving the semiconductor device having this structure is
illustrated in FIG. 43B. FIG. 43B illustrates the timing rela-
tionships between the periods T11, T12, T13, and T14 in the
cell(i,j) and the periods T11, T12, T13, and T14 in the cell(i+
1,j). The operation in each period is the same as that described
in Embodiments 1 and 2, and the description thereof is omit-
ted.

FIG. 45A illustrates an example of a semiconductor device
including a plurality of basic circuits (cells) having the con-
figuration illustrated in FIG. 45B or FIG. 45C. The semicon-
ductor device can include the unit 441 (e.g., a scan line driver
circuit) having a function of inputting signals to the wirings
(2 and G4 of the basic circuits, and the unit 442 (e.g., a scan
line driver circuit) having a function of inputting signals to the
wirings G1 of the basic circuits. Here, when the output out(i)
of'the unit 441 is input to both the wiring G2(#) and the wiring
G4(i-1), a signal input to the wiring G2 of each basic circuit
can be the same as a signal input to the wiring G4 of the basic
circuit (cell) in the previous row. Note that as illustrated in
FIGS. 45B and 45C, the conductivity types of the transistors
12 and 13 are different from that of the transistor 14.

Although not shown, in the semiconductor device includ-
ing a plurality of basic circuits (cells) having the configura-
tion illustrated in FIG. 23 A, the wiring G1 of the basic circuit
(cell) in the previous row can be used without the provision of
the wirings G2, G3, and G5. In that case, the transistors 12,
13, and 15 have the same conductivity type as the transistor
11.

FIGS. 22A t0 22C,FIGS. 23At0 23C, FIGS. 24 t0 29, FIG.
41A, FIG. 42A, FIG. 43A, and FIGS. 45B and 45C each
illustrate the example in which one switch is composed of one
transistor; however, the present invention is not limited
thereto. One switch may be composed of a plurality of tran-
sistors, for example, transistors connected in series or tran-
sistors connected in parallel. Alternatively, one switch may be
composed of an n-channel transistor and a p-channel transis-
tor (i.e., a CMOS switch).

This embodiment is obtained by performing change, addi-
tion, modification, removal, application, superordinate con-
ceptualization, or subordinate conceptualization on part or all
of another embodiment. Thus, part or all of this embodiment
can be freely combined with, applied to, or replaced with part
or all of another embodiment.

Embodiment 5

A capacitor 113 can be additionally provided in the basic
circuit described in the above embodiment. Examples of such
a configuration will be described below.

FIGS. 30A, 30B, and 30C illustrate configurations in
which the capacitor 113 is provided in the basic circuits
illustrated in FIGS. 1A, 1C, and 1E, respectively. In FIG.
30A, one of a pair of electrodes of the capacitor 113 is con-
nected to the load 200 and the other thereof is connected to a
wiring Vx. In FIG. 30B, one of the pair of electrodes of the
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capacitor 113 is connected to the anode of the light-emitting
element 201 and the other thereof is connected to the wiring
Vx. InFIG. 30C, one of the pair of electrodes of the capacitor
113 is connected to the cathode of the light-emitting element
201 and the other thereof is connected to the wiring Vx.

For example, the wiring Vx is connected to at least a circuit
305 that supplies a power supply potential (a low power
supply potential or a high power supply potential) as illus-
trated in FIG. 30A. An example of the circuit 305 is a power
supply circuit. Accordingly, the wiring Vx has a function of
transmitting or supplying the power supply potential, a func-
tion of supplying electric charge to the capacitor 113, or a
function of a power supply line or a capacitor line. Note that
the potential of the wiring Vx is preferably constant; however,
one aspect of the embodiment of the present invention is not
limited thereto, and the potential of the wiring Vx may vary
like a pulse signal.

As illustrated in FIG. 30D, the wiring Vx in FIG. 30B may
be connected to the wiring V0. As illustrated in FI1G. 30E, the
wiring Vx in FIG. 30B may be connected to the wiring V. In
FIGS. 30A and 30C, the wiring Vx can be connected in a
manner similar to those in FIGS. 30D and 30E. Without
limitation to the above, the wiring VX may be connected to
another wiring or a terminal. For example, in a semiconductor
device including a plurality of basic circuits (cells) having the
configuration illustrated in any of FIGS. 30A to 30E, the
wiring VX can be connected to a wiring of another basic
circuit. For instance, as illustrated in FIG. 39, the wiring Vx
can be connected to the wiring G1, the wiring G2, the wiring
(33, or the like of a basic circuit in the next row or the previous
row.

In FIGS. 30A to 30E, the switches 101 to 104 can be
composed of transistors. FIG. 30F illustrates an example in
which each of the switches in FIG. 30A is a transistor. Note
that the same portions as those in FIG. 22 A are denoted by the
same reference numerals, and the description thereof is not
repeated.

FIGS. 31A, 31B, and 31C illustrate configurations in
which the capacitor 113 is provided in the basic circuits
illustrated in FIGS. 7A, 7C, and 7E, respectively. In FIG.
31A, one of the pair of electrodes of the capacitor 113 is
connected to the load 200 and the other thereof is connected
to awiring Vx. In FIG. 31B, one of the pair of electrodes of the
capacitor 113 is connected to the anode of the light-emitting
element 201 and the other thereof is connected to the wiring
Vx. InFIG. 31C, one of the pair of electrodes of the capacitor
113 is connected to the cathode of the light-emitting element
201 and the other thereof is connected to the wiring Vx.

For example, the wiring VX is connected to at least the
circuit 305 that supplies a power supply potential (a low
power supply potential or a high power supply potential) as
illustrated in FIG. 31A. An example of the circuit 305 is a
power supply circuit. Accordingly, the wiring Vx has a func-
tion of transmitting or supplying the power supply potential,
a function of supplying electric charge to the capacitor 113, or
afunction of a power supply line or a capacitor line. Note that
the potential of the wiring Vx is preferably constant; however,
one aspect of the embodiment of the present invention is not
limited thereto, and the potential of the wiring Vx may vary
like a pulse signal.

As illustrated in FIG. 31D, the wiring Vx in FIG. 31B may
be connected to the wiring V0. As illustrated in FIG. 31E, the
wiring Vx in FIG. 31B may be connected to the wiring V. As
illustrated in FIG. 31F, the wiring Vx in FIG. 31B may be
connected to the wiring R. In FIGS. 31A and 31C, the wiring
Vx can be connected in a manner similar to those in FIGS.
31D to 31F. Without limitation to the above, the wiring Vx
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may be connected to another wiring or a terminal. For
example, in a semiconductor device including a plurality of
basic circuits (cells) having the configuration illustrated in
any of FIGS. 31A to 31F, the wiring Vx can be connected to
awiring of another basic circuit. For instance, as illustrated in
FIG. 40, the wiring Vx can be connected to the wiring G1 of
the basic circuit in the next row. As illustrated in FIG. 53, the
wiring VX in FIG. 40 can also be connected to the wiring R,
for example. Moreover, the configurations illustrated in
FIGS. 31A to 31F and FIG. 40 can be combined with those
illustrated in FIGS. 8 A to 8C. That is, in FIGS. 31 A to 31F and
FIG. 40, the wiring V0 can be connected to the wiring R. For
example, as illustrated in FIG. 52A, the wiring Vx in FIG.
31B may be connected to the wiring V0 and the wiring R.

In FIGS. 31A to 31F, FIG. 40, FIG. 52A, ad the like, each
of'the switches (the switches 101 to 105) can be composed of
a transistor. For example, as illustrated in FIG. 52B, the
switches in FIG. 31A can be transistors. In FIG. 52B, the
same portions as those in FIG. 23 A are denoted by the same
reference numerals, and the description thereof is omitted.

In the case of employing a driving method using the period
T13'illustrated in FIG. 4A, FIG. 6 A, FIG. 11A, and FIG. 13A,
the provision of the capacitor 113 as in FIGS. 30A to 30E and
FIGS. 31A to 31F facilitates adjustment of the amount of
current flowing through the transistor 100 in the period T13;
thus, the gate-source voltage of the transistor 100 can be
corrected in accordance with the mobility of the transistor
100 more precisely. Alternatively, the provision of the capaci-
tor 113 is equivalent to a substantial increase in the capaci-
tance of the load 200, so that the level of Vo in the period T13
can be decreased.

Note that in FIGS. 30A to 30F, FIGS. 31A to 31F, and the
like, the area of the electrodes of the capacitor 113 is prefer-
ably smaller than the area of the electrodes of the load 200
(the light-emitting element 201), more preferably 4 or less,
still more preferably V4 or less the area of the electrodes of the
load 200 (the light-emitting element 201). Alternatively, the
capacitance of the capacitor 113 is preferably lower than the
capacitance of the load 200 (the light-emitting element 201),
more preferably /2 or less, still more preferably 5 or less the
capacitance of the load 200 (the light-emitting element 201).
Accordingly, a semiconductor device can perform optimum
operation without changing the layout area. Note that one
aspect of the embodiment of the present invention is not
limited thereto.

Note that in FIGS. 30A to 30F, FIGS. 31A to 31F, and the
like, the total area of the electrodes of the capacitor 113 and
the electrodes of'the load 200 (the light-emitting element 201)
is preferably larger than the area of the electrodes of the
capacitor 112, more preferably 2 or more times, still more
preferably 5 or more times the area of the electrodes of the
capacitor 112. Alternatively, the total capacitance of the
capacitor 113 and the load 200 (the light-emitting element
201) is preferably higher than the capacitance of the capacitor
112, more preferably 2 or more times, still more preferably 5
or more times the capacitance of the capacitor 112. Accord-
ingly, when voltage is divided by the load 200 (the light-
emitting element 201) and each of the capacitors 112 and 113,
higher voltage can be applied to the capacitor 112. Note that
one aspect of the embodiment of the present invention is not
limited thereto.

Note that in FIGS. 30A to 30F, FIGS. 31A to 31F, and the
like, the area of the electrodes of the capacitor 113 is prefer-
ably smaller than the area of the electrodes of the capacitor
112 or the capacitor 111, more preferably 2 or less, still more
preferably /4 or less the area of the electrodes of the capacitor
112 or the capacitor 111. Alternatively, the capacitance of the
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capacitor 113 is preferably lower than the capacitance of the
capacitor 112 or the capacitor 111, more preferably % or less,
still more preferably 5 or less the capacitance of the capacitor
112 or the capacitor 111. Accordingly, a semiconductor
device can perform optimum operation without changing the
layout area. Note that one aspect of the embodiment of the
present invention is not limited thereto.

This embodiment is obtained by performing change, addi-
tion, modification, removal, application, superordinate con-
ceptualization, or subordinate conceptualization on part or all
of another embodiment. Thus, part or all of this embodiment
can be freely combined with, applied to, or replaced with part
or all of another embodiment.

Embodiment 6

This embodiment shows examples of display devices and
light-emitting devices each including the basic circuits (cells)
described in any of the above embodiments as pixels.

FIG. 32A illustrates an example of a display device includ-
ing the basic circuits (cells) illustrated in FIG. 1C of Embodi-
ment 1 as pixels. FIG. 33 A illustrates an example of a display
device including the basic circuits (cells) illustrated in FIG.
7C of Embodiment 2 as pixels. A pixel corresponding to red
is represented by cell(R), and “(R)” is added to the compo-
nents (the wiring S, the wiring V, (the wiring R,) the light-
emitting element 201, and the transistor 100) of the pixel to
distinguish them from components of other pixels. A pixel
corresponding to green is represented by cell(G), and “(G)” is
added to the components (the wiring S, the wiring V, (the
wiring R,) the light-emitting element 201, and the transistor
100) of the pixel to distinguish them from components of
other pixels. A pixel corresponding to blue is represented by
cell(B), and “(B)” is added to the components (the wiring S,
the wiring V, (the wiring R,) the light-emitting element 201,
and the transistor 100) of the pixel to distinguish them from
components of other pixels. The configuration of the basic
circuit (cell) is as described in Embodiments 1 and 2, and the
description thereof is therefore omitted.

In FIGS. 32A and 33 A, the ratio of channel width to chan-
nel length of the transistor 100 can vary depending on pixels
corresponding to different colors, for example. That is, the
ratio of channel width to channel length can vary between the
transistors 100(R), 100(G), and 100(B). Further, for example,
the width of the wiring V can vary depending on pixels
corresponding to different colors. That is, the wirings V(R),
V(G), and V(B) can vary in width. In such a manner, the color
balance is maintained, and the quality of a display device and
a light-emitting device can be improved.

FIG. 32B illustrates an example of a display device includ-
ing the basic circuits (cells) illustrated in FIG. 30B of
Embodiment 5 as pixels. FIG. 33B illustrates an example of a
display device including the basic circuits (cells) illustrated in
FIG. 31B of Embodiment 5 as pixels. A pixel corresponding
to red is represented by cell(R), and “(R)” is added to the
components (the wiring S, the wiring V, (the wiring R,) the
light-emitting element 201, the transistor 100, and the capaci-
tor 113) of the pixel to distinguish them from components of
other pixels. A pixel corresponding to green is represented by
cell(G), and “(G)” is added to the components (the wiring S,
the wiring V, (the wiring R,) the light-emitting element 201,
the transistor 100, and the capacitor 113) of the pixel to
distinguish them from components of other pixels. A pixel
corresponding to blue is represented by cell(B), and “(B)” is
added to the components (the wiring S, the wiring V, (the
wiring R,) the light-emitting element 201, the transistor 100,
and the capacitor 113) of the pixel to distinguish them from
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components of other pixels. The configuration of the basic
circuit (cell) is as described in Embodiment 5, and the
description thereof is therefore omitted.

In FIGS. 32B and 33B, the ratio of channel width to chan-
nel length of the transistor 100 can vary depending on pixels
corresponding to different colors, for example. That is, the
ratio of channel width to channel length can vary between the
transistors 100(R), 100(G), and 100(B). Further, for example,
the width of the wiring V can vary depending on pixels
corresponding to different colors. That is, the wirings V(R),
V(G), and V(B) can vary in width. Moreover, the capacitance
of the capacitor 113 can vary depending on pixels corre-
sponding to different colors, for instance. That is, the capaci-
tors 113(R), 113(G), and 113(B) can vary in capacitance. In
such a manner, the color balance is maintained, and the qual-
ity of a display device and a light-emitting device can be
improved.

FIGS. 32A and 32B and FIGS. 33A and 33B illustrate the
examples of display devices and light-emitting devices
including pixels corresponding to red, green, and blue; how-
ever, the present invention is not limited to these examples. A
display device and a light-emitting device that include pixels
corresponding to given colors can have similar configura-
tions.

This embodiment is obtained by performing change, addi-
tion, modification, removal, application, superordinate con-
ceptualization, or subordinate conceptualization on part or all
of another embodiment. Thus, part or all of this embodiment
can be freely combined with, applied to, or replaced with part
or all of another embodiment.

Embodiment 7

In this embodiment, one aspect of a detailed configuration
of the basic circuit (cell) will be described.

FIG. 34A illustrates a configuration in which the load 200
in the basic circuit illustrated in FIG. 22 A is the light-emitting
element 201. FIG. 34B illustrates an example of a top view of
this basic circuit. Note that as shown at the lower left of FIG.
34B, portions with the same hatch pattern represent the same
wiring layer. A wiring layer L1 forms the wirings G1(i),
G2(i), G3(i), G4(i), and the like. A wiring layer L2 forms the
wirings S(j) and V(j). A wiring layer 1.3 forms semiconductor
layers of the transistors 11 to 14 and the transistor 100. In a
contact hole conl, the wiring layer [.2 is connected to the
wiring layer [.1. In a contact hole con2, the wiring layer [.2 is
connected to the anode of the light-emitting element 201.
Note that the light-emitting element 201 is not illustrated in
FIG. 34B. In a contact hole con3, the wiring layer .2 is
connected to the wiring layer 1. In a contact hole cond, the
wiring layer [.2 is connected to the wiring layer [1.

Note that in the structure shown in the top view in FIG.
34B, the structure of the transistor 100 can be changed. For
example, as illustrated in FIG. 35, an electrode functioning as
the drain of the transistor 100 can be placed to surround part
of an electrode functioning as the source of the transistor 100.
In other words, the electrode functioning as the drain of the
transistor 100 can have a U-shape or a squared U-shape. In
such a manner, the effective channel width of the transistor
100 can be increased, thereby increasing the reliability. Alter-
natively, for example, the electrode functioning as the source
of the transistor 100 can be placed to surround part of the
electrode functioning as the drain of the transistor 100 as
illustrated in FI1G. 36. In other words, the electrode function-
ing as the source of the transistor 100 can have a U-shape or
a squared U-shape. Thus, the potential of the gate of the
transistor 100 can be easily changed by bootstrap.
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One example of the top view of the basic circuit illustrated
in FIG. 22A is shown here; the basic circuits illustrated in
other circuit diagrams can have a similar configuration. For
example, in the basic circuit illustrated in FIG. 23A, the
wiring R can be formed using the wiring layer 1.2 or the same
layer as the anode of the light-emitting element 201.

FIG. 37A is a cross-sectional view along line A1-A2 in
FIG. 34B. FIG. 37B is a cross-sectional view along line
A3-A4in FIG. 34B.

In FIG. 37A, the transistor 100 is formed over a substrate
800 and an insulating film 810 provided over the substrate
800. The transistor 100 includes a conductive layer 806a
functioning as the gate, an insulating layer 802 that is pro-
vided over the conductive layer 8064 and functions as a gate
insulating film, a semiconductor layer 803 that is provided
over the insulating layer 802 and overlaps the conductive
layer 806a, a conductive layer 808a that overlaps part of the
semiconductor layer 803 and functions as one of the source
and the drain, and a conductive layer 8085 that overlaps part
of the semiconductor layer 803 and functions as the other of
the source and the drain. An insulating layer 809, an insulat-
ing layer 824, and an insulating layer 827 are provided over
the transistor 100. A light-emitting layer 828 and a cathode
829, which are components of the light-emitting element 201,
are provided over the insulating layer 827.

Here, the channel length of the transistor 100 is preferably
larger than that of any other transistor included in the basic
circuit. Thus, the reliability of the transistor 100 can be
increased.

In FIG. 37B, the capacitor 111 and the capacitor 112 are
formed over the substrate 800 and the insulating film 810
provided over the substrate 800. The capacitor 111 includes
the conductive layer 806a functioning as one of a pair of
electrodes, the insulating layer 802 functioning as a dielectric
layer, and a conductive layer 808¢ functioning as the other of
the pair of electrodes. The capacitor 112 includes a conduc-
tive layer 8065 functioning as one of a pair of electrodes, the
insulating layer 802 functioning as a dielectric layer, and the
conductive layer 808c¢ functioning as the other of the pair of
electrodes. A conductive layer 8084 is formed using the same
layer as the conductive layer 808c. The insulating layers 809
and 824 are provided over the conductive layers 808¢ and
8084. An anode 825 of the light-emitting element 201 is
provided over the insulating layer 824. The conductive layer
8084 is connected to the anode 825 of the light-emitting
element 201 in the contact hole con2 provided in the insulat-
ing layers 809 and 824. The insulating layer 827 is provided
over the anode 825 of the light-emitting element 201 so as to
expose part of the anode 825. The insulating layer 827 func-
tions as a partition. The light-emitting layer 828 is provided in
contact with the anode 825 of the light-emitting element 201,
and the cathode 829 of the light-emitting element 201 is
provided over the light-emitting layer 828.

Note that the structure of the transistor 100 is not limited to
that illustrated in FIG. 37A and can be any of those illustrated
in FIGS. 38A, 38B, 38D, and 38E, for example.

FIG. 38A illustrates an example in which an insulating
layer 811 is provided between the semiconductor layer 803
and the conductive layers 808a and 8086 in the transistor 100
having the structure in FIG. 37A. The insulating layer 811 can
function as a channel protective film that prevents the semi-
conductor layer 803 from being etched away when the con-
ductive layers 808a and 8085 are processed into a predeter-
mined shape by etching. The transistor 100 may be such a
channel protective transistor.

FIG. 38B illustrates an example in which the positions of
the semiconductor layer 803 and the conductive layers 808a
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and 8085 are changed in the transistor 100 having the struc-
ture in FIG. 37A so that the semiconductor layer 803 is
provided over the conductive layers 8084 and 8085.

FIG. 38D illustrates an example in which the positions of
the semiconductor layer 803 and the conductive layer 806a
are changed in the transistor 100 having the structure in FIG.
37A so that the conductive layer 8064 is provided over the
semiconductor layer 803. The semiconductor layer 803
includes a channel formation region 881a overlapped with the
conductive layer 806a functioning as the gate, and impurity
regions 8815 and 881c¢ that contain an impurity element
imparting conductivity with the channel formation region
881a placed therebetween. The conductive layer 808a func-
tioning as one of the source and the drain and the conductive
layer 8085 functioning as the other of the source and the drain
are provided over the insulating layer 824. In contact holes
provided in the insulating layer 824, the conductive layer
808a is connected to the impurity region 8815 and the con-
ductive layer 8085 is connected to the impurity region 881c.

FIG. 38E illustrates an example in which insulators 890a
and 8905 functioning as sidewalls are provided around the
conductive layer 8064 functioning as the gate of the transistor
100 having the structure in FIG. 38D. An insulating layer 891
is provided above the conductive layer 806a here; alterna-
tively, it is possible not to provide the insulating layer 891.
The insulating layer 802 functioning as a gate insulating film
is provided only in regions that are overlapped with the con-
ductive layer 806a and the insulators 890a and 8905. The
semiconductor layer 803 includes the channel formation
region 881a overlapped with the conductive layer 8064 func-
tioning as the gate, and the impurity regions 8815 and 881c¢
that contain an impurity element imparting conductivity with
the channel formation region 881a placed therebetween. The
conductive layer 808a functioning as one of the source and
the drain is in contact with the impurity region 88154. The
conductive layer 8085 functioning as the other of the source
and the drain is in contact with the impurity region 881c.

The structures of the capacitors 111 and 112 are not limited
to those illustrated in FIG. 37B, and for example, can be those
illustrated in FIGS. 38C and 38F.

In FIG. 38C, in the capacitor 111, the conductive layer
806a serves as one of a pair of electrodes, the semiconductor
layer 803 serves as the other electrode, and the insulating
layer 802 serves as a dielectric layer. In the capacitor 112, the
conductive layer 8065 serves as one of a pair of electrodes, the
semiconductor layer 803 serves as the other electrode, and the
insulating layer 802 serves as a dielectric layer.

In FIG. 38F, in the capacitor 111, the conductive layer 806a
serves as one of a pair of electrodes, the semiconductor layer
803 serves as the other electrode, and the insulating layer 802
serves as a dielectric layer. In the capacitor 112, the conduc-
tive layer 8065 serves as one of a pair of electrodes, the
semiconductor layer 803 serves as the other electrode, and the
insulating layer 802 serves as a dielectric layer. Note that a
region 881d overlapped with the conductive layer 8064 and a
region 881e overlapped with the conductive layer 8065 may
or may not contain an impurity element imparting conductiv-
ity. In the semiconductor layer 803, regions that are not over-
lapped with the conductive layers 806a and 8065 can be
impurity regions 8817, 881g, and 881/ that contain an impu-
rity element imparting conductivity.

Semiconductor layers in which channels are formed in the
transistors 11 to 14, the transistor 100, and the like and the
semiconductor layer serving as one of a pair of electrodes of
each of the capacitors 111 and 112 may be formed using an
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oxide semiconductor, single crystal silicon, polycrystalline
silicon, amorphous silicon, an organic semiconductor, or a
carbon nanotube.

For example, a transistor with a multi-gate structure having
two or more gate electrodes can be used. With the multi-gate
structure, channel regions are connected in series; accord-
ingly, a plurality of transistors are connected in series. Thus,
with the multi-gate structure, the amount of off-state current
can be reduced and the withstand voltage (reliability) of the
transistor can be increased. Alternatively, a transistor with the
multi-gate structure can have a flat slope of voltage-current
characteristics (which is the slope of the curve with drain-
source voltage on the horizontal axis and drain-source current
on the vertical axis) such that drain-source current does not
change much even if drain-source voltage changes when the
transistor operates in a saturation region. By utilizing the flat
slope of the voltage-current characteristics, an ideal current
source circuit or an active load with extremely high resistance
can be achieved. Consequently, a differential circuit, a current
mirror circuit, or the like having excellent properties can be
fabricated.

For example, it is possible to use a transistor in which gate
electrodes are provided above and below a channel region,
that is, a transistor in which a channel region is sandwiched
between gate electrodes. The structure where the gate elec-
trodes are provided above and below the channel region is
substantially equivalent to a circuit configuration in which a
plurality of transistors are connected in parallel. Thus, the
area of the channel region is increased, so that the amount of
current flowing through the transistor can be increased. Alter-
natively, by employing the structure where gate electrodes are
provided above and below the channel region, a depletion
layer is easily formed; thus, the subthreshold swing (S value)
can be reduced.

For example, it is possible to use a transistor with a struc-
ture where a gate electrode is formed above or below a chan-
nel region, a staggered structure, an inverted staggered struc-
ture, a structure where a channel region is divided into a
plurality of regions, a structure where channel regions are
connected in parallel or in series, or the like.

For example, a transistor can be formed using a variety of
substrates, without limitation to a certain type. Examples of
substrates are a semiconductor substrate (e.g., a single crystal
substrate and a silicon substrate), an SOI substrate, a glass
substrate, a quartz substrate, a plastic substrate, a metal sub-
strate, a stainless steel substrate, a substrate including stain-
less steel foil, a tungsten substrate, a substrate including tung-
sten foil, a flexible substrate, an attachment film, paper
including a fibrous material, and a base material film.
Examples of a glass substrate are a barium borosilicate glass
substrate, an aluminoborosilicate glass substrate, and a soda
lime glass substrate. For a flexible substrate, a flexible syn-
thetic resin such as plastics typified by polyethylene tereph-
thalate (PET), polyethylene naphthalate (PEN), and poly-
ethersulfone (PES) or acrylic can be used, for example.
Examples of an attachment film are attachment films formed
using polypropylene, polyester, polyvinyl fluoride, polyvinyl
chloride, and the like. Examples of a base material film are
films formed using polyester, polyamide, and polyimide, an
inorganic vapor deposition film, and paper. Specifically,
when transistors are formed using a semiconductor substrate,
a single crystal substrate, an SOI substrate, or the like, small-
sized transistors with few variations in characteristics, size,
shape, or the like and high current supply capability can be
formed. By constituting a circuit using such transistors,
power consumption of the circuit can be reduced or the circuit
can be highly integrated.
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Note that a transistor may be formed using one substrate
and then transferred to another substrate. Example of a sub-
strate to which a transistor is transferred are, in addition to the
above-described substrates over which the transistor can be
formed, a paper substrate, a cellophane substrate, a stone
substrate, a wood substrate, a cloth substrate (including a
natural fiber (e.g., silk, cotton, and hemp), a synthetic fiber
(e.g., nylon, polyurethane, and polyester), a regenerated fiber
(e.g., acetate, cupra, rayon, and regenerated polyester), and
the like), a leather substrate, and a rubber substrate. By using
such a substrate, transistors with excellent properties or tran-
sistors with low power consumption can be formed, a device
with high durability or high heat resistance can be formed, or
reduction in weight or thickness can be achieved.

An oxide semiconductor preferably contains at least
indium (In) or zinc (Zn). In particular, an oxide semiconduc-
tor preferably contains In and Zn. In addition, as a stabilizer
for reducing variations in electric characteristics of transis-
tors using the oxide semiconductor, the oxide semiconductor
preferably contains gallium (Ga), tin (Sn), hathium (Hf),
and/or aluminum (Al).

As another stabilizer, the oxide semiconductor may con-
tain one or plural kinds of lanthanoid such as lanthanum (La),
cerium (Ce), praseodymium (Pr), neodymium (Nd),
samarium (Sm), europium (Eu), gadolinium (Gd), terbium
(Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium
(Tm), ytterbium (Yb), and/or lutetium (Lu).

As the oxide semiconductor, any of the following oxides
can be used, for example: indium oxide, tin oxide, zinc oxide,
two-component metal oxides such as In—Zn-based oxide,
Sn—7n-based oxide, Al-—Zn-based oxide, Zn—Mg-based
oxide, Sn—Mg-based oxide, In—Mg-based oxide, and
In—Ga-based oxide; three-component metal oxides such as

In—Ga—7n-based oxide (also referred to as 1GZO),
In—Al—Zn-based oxide, In—Sn—Zn-based oxide,
Sn—Ga—Zn-based oxide, Al—Ga—Zn-based oxide,
Sn—Al—Zn-based oxide, In—Hf—Zn-based oxide,
In—La—Zn-based oxide, In—Ce—Zn-based oxide,
In—Pr—Zn-based oxide, In—Nd—Zn-based oxide,
In—Sm—Zn-based oxide, In—FEu—Zn-based oxide,
In—Gd—Zn-based oxide, In—Tb—Zn-based oxide,
In—Dy—Zn-based oxide, In—Ho—Z7n-based oxide,
In—FEr—Zn-based oxide, In—Tm—Zn-based oxide,

In—Yb—Zn-based oxide, and In—Lu—Zn-based oxide;
and four-component oxides such as In—Sn—Ga—Zn-based
oxide, In—Hf—Ga—Zn-based oxide, In—Al—Ga—Zn-
based oxide, In—Sn—Al—Zn-based oxide, In—Sn—Hf—
Zn-based oxide, and In—Hf—Al—Zn-based oxide.

Here, for example, an In—Ga—Z7n-based oxide refers to
an oxide containing In, Ga, and Zn, and there is no limitation
on the composition ratio of In, Ga, and Zn. The In—Ga—Z7n-
based oxide may contain a metal element other than In, Ga,
and Zn.

For example, an In—Ga—Z7n-based oxide with an atomic
ratio of In:Ga:Zn=1:1:1 (=1/3:1/3:1/3) or In:Ga:Zn=2:2:1
(=2/5:2/5:1/5), or an oxide with an atomic ratio close to the
above atomic ratios can be used. Alternatively, an In—Sn—
Zn-based oxide with an atomic ratio of In:Sn:Zn=1:1:1 (=1/
3:1/3:1/3), In:Sn:Zn=2:1:3 (=1/3:1/6:1/2), or In:Sn: Zn=2:1:5
(=1/4:1/8:5/8), or an oxide with an atomic ratio close to the
above atomic ratios may be used.

Without limitation to the materials given above, a material
with an appropriate composition can be used depending on
needed semiconductor characteristics (e.g., mobility, thresh-
old voltage, and variation). In order to obtain needed semi-
conductor characteristics, it is preferable that the carrier den-
sity, impurity concentration, defect density, atomic ratio
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between a metal element and oxygen, interatomic distance,
density, and the like be set to appropriate values.

The oxide semiconductor may be either single crystal or
non-single-crystal. In the latter case, the oxide semiconductor
may be either amorphous or polycrystalline. Further, the
oxide semiconductor may have either an amorphous structure
including a portion having crystallinity or a non-amorphous
structure.

This embodiment is obtained by performing change, addi-
tion, modification, removal, application, superordinate con-
ceptualization, or subordinate conceptualization on part or all
of another embodiment. Thus, part or all of this embodiment
can be freely combined with, applied to, or replaced with part
or all of another embodiment.

Embodiment 8

The basic circuit described in the above embodiment can
be used as a pixel in a semiconductor device such as a light-
emitting device or a display device. One example is illustrated
in FIG. 48A.

A semiconductor device can include a pixel portion 700
including a plurality of pixels and driver circuits 701 and 702
for driving the pixel portion. The driver circuits 701 and 702
have a function of outputting signals to wirings included in
the basic circuits constituting the pixels. As each of the driver
circuits 701 and 702, a driver circuit with a known configu-
ration can be freely used.

The basic circuit described in the above embodiment can
be used in a driver circuit (or part thereof) for driving pixels in
a semiconductor device such as a light-emitting device or a
display device. One example is illustrated in FIG. 48B.

A semiconductor device can include a pixel portion 711
including a plurality of pixels (each represented by “pixel” in
FIG. 48B) and a driver circuit 710 for driving the pixel por-
tion. The driver circuit 710 can include a plurality of basic
circuits (cells). Note that the basic circuit (cell) in FIG. 48B
does not include the load 200 or the light-emitting element
201 shown in the above embodiments, and the pixel can be
considered to correspond to the load 200 or the light-emitting
element 201. In other words, an output “out” of the driver
circuit 710 corresponds to the source of the transistor 100 in
the basic circuit (cell).

This embodiment is obtained by performing change, addi-
tion, modification, removal, application, superordinate con-
ceptualization, or subordinate conceptualization on part or all
of another embodiment. Thus, part or all of this embodiment
can be freely combined with, applied to, or replaced with part
or all of another embodiment.

Embodiment 9

FIG. 49A is an example of a perspective view of a semi-
conductor device according to one embodiment of the present
invention.

The semiconductor device illustrated in FIG. 49 A includes
a display portion 1601, a circuit board 1602, and connection
units 1603. The basic circuit described in the above embodi-
ment can be used in the display portion 1601.

The circuit board 1602 is provided with an image process-
ing unit, from which various signals and power supply poten-
tials are input to the display portion 1601 through the con-
nection units 1603. As the connection unit 1603, a flexible
printed circuit (FPC) can be used, for example. Alternatively,
a COF tape can be used as the connection unit 1603, in which
case part of circuits in the image processing unit or part of
driver circuits included in the display portion 1601 may be
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formed over a separately prepared chip and the chip may be
electrically connected to the COF tape by a chip on film
(COF) method.

FIG. 49B is a cross-sectional view along line A1-A2 in
FIG. 49A. The display portion 1601 can include a substrate
1610, a substrate 1611, a sealant 1613 for bonding the sub-
strates 1610 and 1611 together, a pixel portion 1612 including
aplurality of pixels, a wiring 1614 for transmitting signals to
the pixel portion 1612, and an anisotropic conductive resin
1615 for connecting the wiring 1614 and the connection unit
1603. Light generated from the pixel portion 1612 can be
emitted in the direction indicated by an arrow in FIG. 49B, for
example.

This embodiment is obtained by performing change, addi-
tion, modification, removal, application, superordinate con-
ceptualization, or subordinate conceptualization on part or all
of another embodiment. Thus, part or all of this embodiment
can be freely combined with, applied to, or replaced with part
or all of another embodiment.

Example

The semiconductor device according to one embodiment
of'the present invention can be used for a variety of electronic
devices. Examples of electronic devices are personal comput-
ers (e.g., laptop computers and desktop computers), image
reproducing devices provided with recording media (typi-
cally, devices that reproduce the content of recording media
such as digital versatile discs (DVDs) and have displays for
displaying the reproduced images), mobile phones, portable
game consoles, personal digital assistants, e-book readers,
cameras such as video cameras and digital still cameras,
goggle-type displays (head mounted displays), navigation
systems, audio reproducing devices (e.g., car audio systems
and digital audio players), copiers, facsimiles, printers, mul-
tifunction printers, automated teller machines (ATM), and
vending machines. FIGS. 50A to 50C illustrate some specific
examples of these electronic devices.

FIG. 50A illustrates a portable game console including a
housing 5001, a housing 5002, an image display portion
5003, an image display portion 5004, a microphone 5005, a
speaker 5006, an operation key 5007, a stylus 5008, and the
like. The semiconductor device according to one embodiment
of the present invention can be used in the image display
portion 5003 or the image display portion 5004. The use of the
semiconductor device according to one embodiment of the
present invention in the image display portion 5003 or the
image display portion 5004 can achieve a portable game
console with high image quality. Note that although the por-
table game console in FIG. 50A includes the two image
display portions 5003 and 5004, the number of image display
portions included in the portable game console is not limited
to two.

FIG. 508 illustrates a laptop personal computer including
a housing 5201, an image display portion 5202, a keyboard
5203, a pointing device 5204, and the like. The semiconduc-
tor device according to one embodiment of the present inven-
tion can be used in the image display portion 5202. The use of
the semiconductor device according to one embodiment of
the present invention in the image display portion 5202 can
achieve a laptop personal computer with high image quality.

FIG. 50C illustrates a personal digital assistant including a
housing 5401, an image display portion 5402, operation keys
5403, and the like. The semiconductor device according to
one embodiment of the present invention can be used in the
image display portion 5402. The use of the semiconductor
device according to one embodiment of the present invention



US 9,082,670 B2

47

in the image display portion 5402 can achieve a personal
digital assistant with high image quality.

As described above, the applicable range of the present
invention is so wide that the present invention can be applied
to electronic devices in a variety of fields.

This example is obtained by performing change, addition,
modification, removal, application, superordinate conceptu-
alization, or subordinate conceptualization on part or all of
another embodiment. Thus, part or all of this example can be
freely combined with, applied to, or replaced with part or all
of another embodiment.

Note that in this specification and the like, in a diagram or
a text described in one embodiment (or example), it is pos-
sible to take out part of the diagram or the text and construct
an embodiment of the invention. Thus, the context taken out
from part of a diagram or a text related to a certain portion is
also disclosed as an embodiment of the invention, and one
embodiment of the invention can be constructed. Conse-
quently, for example, in a diagram or a text including one or
more of active elements (e.g., transistors and diodes), wir-
ings, passive elements (e.g., capacitors and resistors), con-
ductive layers, insulating layers, semiconductor layers,
organic materials, inorganic materials, components, devices,
operation methods, fabrication methods, and/or the like, it is
possible to take out part of the diagram or the text and con-
struct one embodiment of the invention. For example, from a
circuit diagram in which N circuit elements (such as transis-
tors or capacitors, where N is an integer) are provided, M
circuit elements (such as transistors or capacitors, where M is
an integer smaller than N) can be taken out to construct one
embodiment of the invention. As another example, from a
cross-sectional view in which N layers (N is an integer) are
provided, M layers (M is an integer, where M<N) can be taken
out to construct one embodiment of the invention. As another
example, from a flow chart in which N elements (N is an
integer) are provided, M elements (M is an integer, where
M<N) can be taken out to construct one embodiment of the
invention.

Note that in the case where at least one specific example is
described in a diagram or a text described in one embodiment
(or example) in this specification and the like, it will be
readily appreciated by those skilled in the art that a broader
concept of the specific example can be derived. Therefore, in
the case where at least one specific example is described in the
diagram or the text described in one embodiment (or
example), a broader concept of the specific example is dis-
closed as an embodiment of the invention, and one embodi-
ment of the invention can be constituted.

Note that in this specification and the like, a content
described in at least a diagram (which may be part of the
diagram) is disclosed as an embodiment of the invention, and
one embodiment of the invention can be constituted. There-
fore, when a certain content is described in a diagram, the
content is disclosed as an embodiment of the invention even
when the content is not described with a text, and one embodi-
ment of the invention can be constituted. In a similar manner,
part of a diagram, which is taken out from the diagram, is
disclosed as an embodiment of the invention, and one
embodiment of the invention can be constituted.

This application is based on Japanese Patent Applications
serial No. 2011-196863 filed with Japan Patent Office on Sep.
9, 2011, the entire contents of which are hereby incorporated
by reference.

What is claimed is:

1. A semiconductor device comprising:

a first transistor;

aload;
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a first wiring;

a second wiring;

a first capacitor; and

a second capacitor,

wherein a first electrode of the first capacitor is electrically

connected to the first wiring,

wherein the first electrode of the first capacitor is electri-

cally connected to a first electrode of the second capaci-
tor,

wherein a second electrode of the first capacitor is electri-

cally connected to one of a source electrode and a drain
electrode of the first transistor,

wherein the second electrode of the first capacitor is elec-

trically connected to a gate electrode of the first transis-
tor,

wherein the first electrode of the first capacitor is electri-

cally connected to the other of the source electrode and
the drain electrode of the first transistor,
wherein the second electrode of the second capacitor is
electrically connected to the other of the source elec-
trode and the drain electrode of the first transistor,

wherein the second wiring is electrically connected to the
one of the source electrode and the drain electrode of the
first transistor,

wherein the load is electrically connected to the second

electrode of the second capacitor,

wherein the one of the source electrode and the drain elec-

trode of the first transistor comprises a first region and a
second region,

wherein the other of the source electrode and the drain

electrode comprises a third region,

wherein the third region is interposed between the first

region and the second region, and

wherein the first transistor comprises a first channel forma-

tion region comprising an oxide semiconductor.

2. The semiconductor device according to claim 1, wherein
the one of the source electrode and the drain electrode of the
first transistor is placed to surround part of the other of the
source electrode and the drain electrode of the first transistor.

3. The semiconductor device according to claim 1, wherein
the first region and the second region is extends in an extend-
ing direction of the other of the source electrode and the drain
electrode of the first transistor.

4. The semiconductor device according to claim 1, wherein
the one of the source electrode and the drain electrode is
U-shaped.

5. The semiconductor device according to claim 1, further
comprising a first switch and a second switch,

wherein the first electrode of the first capacitor is electri-

cally connected to the first wiring through the first
switch, and

wherein the second wiring is electrically connected to the

one of the source electrode and the drain electrode of the
first transistor through the second switch.

6. The semiconductor device according to claim 1, wherein
the load is an EL element.

7. The semiconductor device according to claim 1, wherein
the first wiring is a video signal line.

8. The semiconductor device according to claim 1, wherein
the second wiring is a power supply line.

9. An electronic device comprising the semiconductor
device according to claim 1 and at least one of a housing, an
image display portion, a microphone, a speaker, a keyboard
and an operation key.

10. A semiconductor device comprising:

a first transistor;

a load;
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a first wiring;

a second wiring;

a first capacitor; and

a second capacitor,

wherein a first electrode of the first capacitor is electrically
connected to the first wiring,

wherein the first electrode of the first capacitor is electri-
cally connected to a first electrode of the second capaci-
tor,

wherein a second electrode of the first capacitor is electri-
cally connected to one of a source electrode and a drain
electrode of the first transistor,

wherein the second electrode of the first capacitor is elec-
trically connected to a gate electrode of the first transis-
tor,

wherein the first electrode of the first capacitor is electri-
cally connected to the other of the source electrode and
the drain electrode of the first transistor,

wherein the second electrode of the second capacitor is
electrically connected to the other of the source elec-
trode and the drain electrode of the first transistor,

wherein the second wiring is electrically connected to the
one of the source electrode and the drain electrode of the
first transistor,

wherein the load is electrically connected to the second
electrode of the second capacitor,

wherein the other of the source electrode and the drain
electrode of the first transistor comprises a first region
and a second region,

wherein the one of the source electrode and the drain elec-
trode comprises a third region,

wherein the third region is interposed between the first
region and the second region, and
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wherein the first transistor comprises a first channel forma-

tion region comprising an oxide semiconductor.

11. The semiconductor device according to claim 10,
wherein the other of the source electrode and the drain elec-
trode of'the first transistor is placed to surround part of the one
of the source electrode and the drain electrode of the first
transistor.

12. The semiconductor device according to claim 10,
wherein the first region and the second region is extends in an
extending direction of the one of the source electrode and the
drain electrode of the first transistor.

13. The semiconductor device according to claim 10,
wherein the other of the source electrode and the drain elec-
trode is U-shaped.

14. The semiconductor device according to claim 10, fur-
ther comprising a first switch and a second switch,

wherein the first electrode of the first capacitor is electri-

cally connected to the first wiring through the first
switch, and

wherein the second wiring is electrically connected to the

one of the source electrode and the drain electrode of the
first transistor through the second switch.

15. The semiconductor device according to claim 10,
wherein the load is an EL element.

16. The semiconductor device according to claim 10,
wherein the first wiring is a video signal line.

17. The semiconductor device according to claim 10,
wherein the second wiring is a power supply line.

18. An electronic device comprising the semiconductor
device according to claim 10 and at least one of a housing, an
image display portion, a microphone, a speaker, a keyboard
and an operation key.



